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CHAPTER  1 
INTRODUCTION 


Background 

The  Strategic  Air  Command's  basic  goal  for  manned 
aircraft  is  to  maintain  mission-ready  aircrews  and  aircraft 
as  a  credible  deterrent  (Is  5)*  The  three  basic  SAC  aircraft 
systems  are  the  B-52,  F3-111,  and  KC-135.  The  B-52  models 
currently  deployed  are  the  D,  G,  and  H,  which  are  distributed 
among  seventeen  bombardment  wings.  The  KC-135  aircraft 
are  distributed  throughout  twenty- seven  active  duty  wings 
and  eight  Air  Force  Reserve/Air  National  Guard  wings. 

Each  of  these  aircraft  is  assigned  a  strategic 
nuclear  ground  alert  role.  While  assigned  to  ground  alert, 
some  of  the  aircrews  and  aircraft  resources  at  each  SAC  wing 
serve  as  a  quick  reaction  strategic  force  (6:3).  This  force 
is  maintained  at  a  constant  and  permanent  level  through  the 
periodic  rotation  of  each  unit's  aircraft  and  aircrew  re¬ 
sources.  Separate  schedules  are  maintained  for  aircraft 
and  aircrew  alert  requirements.  Currently,  aircraft  are 
assigned  to  ground  alert  for  periods  of  approximately  sixty 
days.  Aircrew  members  are  scheduled  for  ground  alert  using 
seven-day  intervals,  which  begin  every  Thursday  for  each  crew. 
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After  completion  of  the  alert  tour,  each  crew 
receives  Combat  Crew  Rest  and  Relaxation  (CCRR)  time  equal 
to  one-half  of  the  period  spent  on  alert  which  is  equivalent 
to  three  and  one-half  days  (l2s2-9).  'The  aircrew  cannot  be 
scheduled  for  any  military  duty  during  this  time.  Because 
CCRR  ends  at  2000  hours  on  Sunday,  effectively,  crews  are 
not  scheduled  for  normal  duty  until  0800  hours  on  Monday. 

This  procedure  does  lead  to  stability  within  the  schedule, 
however,  the  number  of  duty  days  available  for  aircrew 
training  purposes  may  not  be  maximized. 

In  January,  1980,  Eighth  Air  Force  (8AF)  made  its 
initial  recommendations  to  Headquarters  SAC  (HQ  SAC)  Deputy 
Commander  for  Operations  (DO)  for  proposed  changes  to  alert 
management  rules  as  specified  in  SAC  Regulation  (SACR)  55-*0  • 
These  recommendations  were  made  to  provide  greater  flexi¬ 
bility  for  the  unit  wing  commanders  in  establishing  their 
local  alert  tour  length  requirements.  By  doing  so,  it  was 
proposed  that  more  evenly  spaced  tours  could  be  realized  for 
the  aircrews.  The  second,  and  more  significant,  advantage 
was  that  alternate  options  would  provide  an  opportunity  for 
optimizing  continuity  of  training  (5).  Continuity  of  train¬ 
ing  can  be  defined  as  the  aircrew  flying  sorties  which  could 
be  more  uniformly  distributed  throughout  the  training  period. 

HQ  SAC's  response,  contained  in  its  message  of  19  Feb 
80,  was  that  the  alert  management  rules  be  changed  to  incor¬ 
porate  the  following  (3): 


a. 


CCRR  must  be  equal  to  at  least  fift 
of  the  total  time  spent  on  alert. 


y  percen 
The  day 


Sc 


RR 
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commences  will  be  determined  by  the  unit  commander. 
Total  accrued  CCRR  will  be  granted  at  that  time. 
Granting  of  CCRR  may  be  deferred  until  a  mini¬ 
mum  of  seven  and  a  maximum  of  nine  days  of  alert 
have  been  completed. 

b.  Crew  rest  requirements  are  decreased  from  twelve 
hours  to  eight  hours. 


Subsequently,  8AF  issued  a  message  on  22  Feb  80 
concerning  the  waiver  to  the  existing  alert  management  rules 
(4).  This  message  delineated  8AF  guidance  concerning  the 
implementation  of  these  changes. 

The  above  waivers  significantly  alter  the 
manner  in  which  CCRR  can  be  administered.  The 
request  to  delete  CCRR  for  the  one  day  tour  was 
not  approved.  So,  regardless  of  the  tour  option 
selected,  CCRR  will  accrue j  however,  (it)  can 
be  deferred,  but  aircrews  must  be  given  their  total 
accrued  CCRR  before  the  tenth  day  of  alert  under 
any  condition.  Within  these  parameters,  unit  com¬ 
manders  may  exercise  a  wide  degree  of  freedom  in 
fulfilling  their  alert  commitment.  These  changes 
to  the  alert  management  rules  give  you  and  your 
unit  commanders  the  flexibility  to  develop  alert 
tour  cycles  which  will  be  best  for  an  individual 
unit. 

When  the  declarations  from  8AF  arrived  at  the  unit  level, 
there  was  not  any  accompanying  guidance  for  the  individual 
unit  schedulers  regarding  how  to  implement  the  new  policy. 
Consequently,  8AF  units  did  not  implement  the  variable  alert 
tour  length  option.  This  was  due,  in  part,  to  the  unknown 
variables  that  would  be  encountered  under  the  flexible  sched¬ 
uling  system  as  contrasted  with  the  known  constraints  of  the 
present  seven-day  system.  This  resistance  to  change  was 
amplified  by  the  critical  lack  of  time  available  for  the 
individual  unit  scheduler  when  constructing  the  monthly 
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operations  plan,  which  is  the  foundation  for  the  unit's  alert 
scheduling  system.  The  normal  development  of  the  monthly 
operations  plan  is  very  taxing  on  the  skills  and  time  of 
even  the  most  experienced  unit  scheduler,  leaving  no  time 
available  to  experiment  with  new  scheduling  options  (7). 

This  was  the  most  critical  factor  in  the  lack  of  implementa¬ 
tion  of  the  new  scheduling  options. 

If  a  programmed  scheduling  system  can  be  made  avail¬ 
able  to  the  unit  scheduler,  two  important  benefits  will  be 
achieved.  First,  the  foundation  of  the  variable  alert 
scheduling  system  will  already  be  established  in  the  scheduler's 
monthly  operations  plan, which  saves  valuable  time.  Second, 
the  new  guidance  issued  by  HQ  SAC  can  be  tested  and  verified 
and  made  available  for  unit  implementation.  With  these  results 
the  practicality  and  feasibility  of  the  variable  alert  sched¬ 
uling  system  will  be  demonstrated. 

Such  a  programmed  scheduling  system  can  be  modeled 
using  a  charting  process  which  will  be  described  in  Chapter  2. 

In  the  following  section  the  assumptions  and  definitions 
necessary  to  construct  a  variable  alert  tour  scheduling  model 
will  be  described.  This  will  culminate  in  the  statement  of 
the  problem,  objectives,  and  hypotheses  of  this  research  project 

Scope 

The  scope  of  this  study  can  be  stated  in  terms  of 
assumptions  and  limitations  that  will  be  used  in  modeling  a 
variable  alert  scheduling  system.  While  the  system  is  appli¬ 
cable  to  all  SAC  units  conducting  strategic  ground  alert, 


we  will  specifically  focus  on  those  units  with  B-52  aircraft. 
Additionally,  we  will  use  a  model  constructed  with  the  para¬ 
meters  typically  found  in  a  B-52G  wing.  This  limitation  is 
made  because  while  all  SAC  B-52  units  maintain  strategic 
nuclear  ground  alert,  other  B-52  models,  particularly  the 
H  model,  have  a  larger  percentage  of  crews  and  a  greater 
number  of  strategic  ground  alert  sorties  to  maintain.  While 
these  units  can  utilize  a  variable  alert  system  as  effectively 
as  the  G  model  units,  the  focus  will  be  on  the  G  model  wing 
because  of  its  inherent  stability  and  convenient  adaptability 
to  this  system. 

Furthermore,  the  study  is  aimed  exclusively  at 
quantitative  aspects  of  the  variable  alert  scheduling  system. 
Our  concern  is  with  numerical  distinctions  between  the  number 
of  available  duty  days  that  can  be  programmed  by  the  present 
seven-day  system  and  alternative  systems  to  be  developed. 

This  study  will  not  be  bound  by  any  pre-determined  percentage 
figure  of  increased  availability  of  duty  days  between  the 
present  system  and  any  alternative  system. 

Our  study  will  not  examine  any  qualitative  aspects 
of  the  variable  alert  scheduling  system  versus  the  present 
seven-day  alert  scheduling  system.  Such  qualitative  aspects 
would  include:  effect  on  morale  of  the  aircrew  members; 
willingness  of  unit  schedulers  to  implement  the  new  system 
with  its  given  parameters;  and  how  the  individual  units  will 
utilize  any  additional  duty  days  which  may  be  gained  under 
a  new  system.  The  most  critical  factor,  of  course,  is  the 
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degree  to  which  the  individual  aircrew  member  will  accept 
or  reject  any  new  system.  Because  these  changes  will  be 
implemented  at  the  unit  level  and  the  unit  commander  is  given 
flexibility  to  develop  alternate  tour  lengths,  we  must  assume 
that  the  variable  alert  scheduling  system  will  be  accepted 
without  consternation  by  the  aircrew  member.  An  important 
point  to  be  examined,  subsequent  to  this  study,  will  be  the 
anticipated  expectations  of  the  degree  of  acceptance  at  the 
local  unit  level.  Without  the  support  of  both  the  unit 
schedulers  and  the  aircrew  members,  the  success  of  the  entire 
program  is  questionable.  This  question,  however,  will  not 
be  addressed  in  the  scope  of  this  study. 

The  basic  definitions  and  assumptions  of  the  research 

are» 

a.  Lines  of  alert — defined  as  the  number  of  B-52 
aircraft  placed  in  a  strategic  nuclear  strike  configuration 
to  respond  immediately  upon  proper  notification  (12il-l). 
Alert  aircraft  must  be  manned  around  the  clock.  SAC  aircrews 
are  mated  to  each  of  the  aircraft  for  a  specified  time  period 
which  is  referred  to  as  an  alert  tour  for  those  particular 
aircrews.  Crews  are  assigned  alert  for  up  to  seven  consecu¬ 
tive  days  and  they  must  stay  close  to  their  aircraft  because 
they  must  be  able  to  launch  these  aircraft  within  a  strictly 
controlled  time  interval. 

b.  Fixed  wing  structure — this  implies  the  resources 

which  are  available  to  an  average  G  model  wing  to  include  18 

mission-ready  crews,  four  lines  of  strategic  nuclear  ground 

alert,  and  fourteen  B-52  aircraft  (6*15) •  The  assumption  of 
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eighteen  mission-ready  crews  is  based  on  the  number  of  crews 
authorized  by  SAC  manning  documents.  In  almost  every  unit, 
however,  the  number  of  existing  mission  ready  crews  is  fewer 
than  the  authorized  amount.  The  second  phase  of  the  study 
will  address  the  sensitivity  of  the  model  to  the  limited 
number  of  mission-ready  crews  found  in  nearly  all  SAC  B-52 
units.  The  number  of  lines  of  alert  must  be  maintained  at 
four  at  the  wing  level.  Any  deviation  from  this  level  is 
solely  authorized  and  controlled  by  the  highest  levels  of 
SAC  (12:2-2).  We  will  assume  that  the  fixed  number  of  lines 
of  strategic  nuclear  ground  alert  is  mandatory. 

c.  Available  duty  days — may  be  defined  as  any  day 
that  an  aircrew  or  aircrew  member  may  be  scheduled  for  any 
required  military  duty.  Available  duty  days  do  not  include: 

1)  Saturdays  and  Sundays 

2)  Leave  periods 

3)  Temporary  Duty  Assignments  (TDY) 

4)  Days  Spent  on  Alert 

5)  Days  Spent  on  CCRR 

The  available  duty  day  at  the  unit  level  is  used  for  the 
accomplishment  of  aircrew  training  requirements.  These  require¬ 
ments  are  fulfilled  primarily  through  the  use  of  inflight 
bomber  training  sorties.  The  actual  scheduling  of  when  these 
training  sorties  occur  will  not  be  incorporated  by  the  model. 

The  utilization  of  the  individual  available  duty  days  to  meet 
mission  planning,  ground  training,  and  inflight  training 
requirements  will  still  be  at  the  discretion  of  the  unit 
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level  scheduler.  To  increase  aircrew  proficiency  the  unit 
scheduler  must  take  into  account  the  following  variables 
(11j7-2):  total  sorties  per  crew,  distribution  of  sorties 
to  crews,  individual  training  items  per  aircrew  member, 
extent  of  crew  coordination,  diversity  of  sorties,  and  many 
other  factors.  Because  of  the  number  of  variables  involved 
in  each  unit’s  operations,  it  is  essential  that  the  unit 
scheduler  retain  the  flexibility  to  make  maximum  use  of  the 
available  duty  days  to  realize  the  objectives  of  the  SAC 
Continuation  Flying  Training  Program. 

d.  In  the  model,  fifteen-day  leave  periods  will  be 
programmed  for  half  of  the  mission-ready  crews  within  the 
wing.  During  a  six-month  period  every  crew  member  must  be 
authorized  fifteen  days  of  leave  to  be  used  at  his  discretion. 
Since  the  model  encompasses  a  three-month  scheduling  period, 
only  one-half  of  the  crews  can  be  illustrated  during  the 
total  six-month  leave  cycle.  Those  crews  not  programmed  for 
leave  during  the  current  scheduling  quarter  will  receive 
their  authorized  leave  in  the  upcoming  scheduling  quarter. 

e.  Unit  of  time  measurement — a  time  period  of  one 
quarter  of  the  fiscal  year  is  specified  because  it  is  the 
standard  chronological  planning  interval  used  by  SAC  to  meet 
all  recurring  training  requirements  for  aircrew  members  as 
outlined  in  the  SACR  series  (11«1-1). 

f.  The  concept  of  flight  integrity  is  the  sub-division 
of  the  bombardment  squadron  into  organizational  units  known 

as  flights.  There  are  three  flights,  having  an  equal  number 


of  crews,  within  each  squadron.  Additionally,  there  is  a 
standardization/evaluation  (STAN/EVAL)  division  normally 
consisting  of  three  crews  which  administer  inflight  and 
ground  training  examinations  to  the  remaining  fifteen  crews 
within  the  wing  (13*5) •  The  scheduling  of  alert  tours  for 
standardization/evaluation  crews  is  considered  separately 
from  the  scheduling  process  for  the  remaining  flights.  Each 
of  the  four  lines  of  alert  is  maintained  by  integral  flights 
the  majority  of  the  time.  However,  when  a  flight  cannot 
maintain  all  four  lines  of  alert,  due  to  one  of  its  crews 
being  on  leave  or  TDY  assignments,  a  STAN/EVAL  crew  will 
supplement  the  flight  during  the  alert  tour.  To  provide 
occasional  relief  of  the  constant  resumption  of  alert  duty 
every  third  tour,  STAN/EVAL  crews  will  be  periodically  sub¬ 
stituted  for  integral  flight  crews. 

g.  Individual  crew  member  TDY  assignments  will  not 
be  programmed  into  the  alert  scheduling  model.  All  short 
TDY  assignments,  those  less  than  or  equal  to  thirty  days, 
are  dealt  with  by  scheduling  an  individual  crew  member  as 

a  replacement  for  the  absent  crew  member  for  that  alert  tour 
or  portion  thereof  (14jA6-3).  Personnel  TDY  in  excess  of 
thirty  days  are  removed  from  their  mission-ready  crew  and 
placed  in  spare  status.  This  category  of  personnel  is  not 
used  when  constructing  the  alert  schedule  and,  therefore, 
is  not  addressed  by  our  model. 

h.  Variable  alert  tour  lengths  will  be  limited  to 
those  in  which  the  consecutive  days  spent  on  alert  is 


between  two  and  six.  For  example,  a  variable  alert  tour 
length  model  designated  as  3/3/3  can  be  illustrated  in  the 
following  manner.  A  flight  assumes  alert  for  a  three-day 
period  after  which  the  next  two  flights  assume  alert  for 
three-day  periods  successively.  Only  upon  completion  of 
nine  days  of  alert  will  the  first  flight  receive  its  CCRR. 
Similarly,  as  each  of  the  other  two  flights  accumulates 
nine  days  of  alert,  they  will  receive  their  CCRR  (3).  A 
similar  process  applies  to  other  variable  alert  tour  lengths. 

In  the  case  where  only  two  segments  of  alert  duty  are  used, 
for  example  4/3,  the  first  digit  represents  the  number  of 
days  on  alert  each  flight  would  serve  successively.  Thus, 
in  the  4/3  model,  each  flight  would  be  on  alert  for  4  days 
successively,  during  the  first  phase.  The  second  digit 
represents  the  second  phase  of  the  cycle  in  which  each  of 
the  flights  would  be  on  alert  for  a  three  day  period.  Addition¬ 
ally,  a  letter  suffix  will  be  placed  after  the  variable  alert 
tour  model  designator  to  indicate  which  particular  day  of 
the  week  the  model  will  start.  For  example,  A  denotes  a 
model  beginning  on  Thursday,  B  on  Friday,  C  on  Saturday  and 
D  on  Sunday.  By  adding  the  number  of  days  identified  by  a 
particular  variable  alert  tour  length  model,  the  number  of 
total  days  spent  on  alert  prior  to  granting  of  CCRR  can  be 
determined.  The  reason  that  clusters  of  days  smaller  than 
two  and  greater  than  six  will  be  excluded  from  the  model 
is  that  when  combinations  of  7/2  or  8/1  are  incorporated 
into  the  model,  the  CCRR  process  overlaps  the  three  flights 
forcing  the  system  into  the  non-availability  of  any  crews 
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to  assume  alert.  For  example,  after  "A"  flight  has  com¬ 
pleted  its  7/2  total,  it  begins  its  four  and  one-half  days 
of  CCRR.  ”B"  Flight  and  "C"  Flight  begin  their  respective 
CCRR,  following  "A"  Flight,  in  two-day  increments.  In  this 
scheduling  model  "A"  Flight  must  return  to  alert  when  "B" 
and  "C"  Flight  successively  complete  their  two  days  of  alert. 
"A"  Flight,  however,  must  complete  its  last  half-day  of  CCRR. 
This  means  there  are  no  crews  available  to  cover  this  half¬ 
day  of  alert.  A  9/0  schedule  will  not  be  used  because  HQ  SAC 
has  declared  that  alert  tour  models  are  prohibited  from  using 
any  quantity  greater  than  seven  consecutive  days  of  alert. 

Problem  Statement 

A  need  exists  to  modify  the  current  SAC  aircrew 
alert  schedule  to  increase  the  amount  of  available  duty 
days  which  may  be  used  during  the  quarter  to  fulfill  required 
training  activities.  This  need  exists  owing  to  the  increased 
number  of  aircrew  training  sorties  that  were  dictated  by 
HQ  SAC  with  the  implementation  of  Operations  Plan  78-10. 

This  program  increased  the  number  of  aircrew  training  sorties 
from  three  to  four  per  month.  With  this  increase  virtually 
all  available  duty  days  are  filled  with  mission  planning  of 
flying  activities  for  all  crews  in  between  their  alert  tours. 

Objectives 

The  objectives  of  this  research  are: 

1)  To  evaluate  variable  alert  tour  lengths  designed 
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to  increase  the  time  available  to  accomplish  mission-ready 
aircrew  training  requirements  in  fulfillment  of  the  SAC 
Continuation  Flying  Training  Program. 

2)  To  test  the  effect  of  parameter  changes  on  the 
programmed  quarterly  alert  flow.  These  changes  will  incor¬ 
porate  conditions,  such  as  relaxing  the  assumption  of 
eighteen  mission  ready  crews,  which  are  more  indicative  of 
the  current  structure  actually  found  in  the  typical  B-52  wing. 

Hypotheses 

Three  research  hypotheses  will  be  tested: 

1)  Through  the  use  of  variable  alert  tour  lengths 
the  average  number  of  available  duty  days  will  be  increased. 
The  consecutive  day  alert  tour  lengths,  to  be  tested  for 
optimality  are  as  follows: 

a)  2/3/2  A,B 

b)  4/3  A.B.C 

c)  4/4 

d)  3/3/2  A, B 

e)  3/5  A.B.C 

f)  3/3/3  A.B.C 

g)  4/5  A , B , C , D 

h)  3/6  A.B.C 

2)  The  current  seven-day  alert  scheduling  system 
allows  the  maximum  number  of  available  duty  days  in  contrast 
to  any  of  the  variable  alert  tour  length  models. 

3)  Variable  alert  tour  scheduling  will  allow  for 
greater  flexibility  to  adapt  to  conditions  which  occur 
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in  a  B-52  wing,  such  as  sixteen  versus  eighteen  mission 
ready  crews . 

Literature  Review 

One  of  the  most  difficult  challenges  that  has  been 
encountered  has  been  the  scarcity  of  data  available  on  the 
scheduling  of  human  resources  in  a  variable  manner  to 
achieve  a  specific  stated  program  objective.  The  literature 
predominantly  focuses  on  limited  resource  scheduling  models 
found  in  manufacturing  environments.  While  many  useful 
models  and  tools  have  been  developed,  such  as  Critical  Path 
Method  (CPM)  and  Program  Evaluation  and  Review  Technique 
(PERT),  their  use  is  primarily  as  management  tools  for 
scheduling  and  controlling  project  systems.  These  methods 
do  not  readily  adapt  themselves  to  the  scheduling  process 
required  in  the  continuous  assignment  of  alert  within  the 
E-52  wing. 

Even  within  the  official  documentation  issued  by 
SAC,  the  programming  and  scheduling  of  crew  resources 
assigned  to  the  B-52  aircraft  have  always  been  decentralized 
to  the  wing  level  (6j14).  The  only  SAC  requirement  is 
that  a  specific  number  of  lines  of  alert  be  maintained  at 
a  constant  state  of  readiness  by  the  individual  unit.  This 
requirement  has  resulted  in  the  development  of  local  alert 
scheduling  procedures  only  within  the  guidelines  of  SACR 
55-^3  (12 1 2-1).  This  regulation  identifies  the  broad  cri¬ 
teria  that  must  guide  the  local  unit  scheduler,  but  does 
not  provide  a  methodology  or  procedure  for  scheduling. 
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For  example,  if  a  crew  change  to  a  previously  published 
alert  schedule  must  be  made,  SACR  55-43  delineates  the 
documentation  procedures  that  must  be  followed,  but  it  is 
up  to  the  unit  level  scheduler  to  determine  which  crew  will 
be  tasked  with  the  substitution. 

In  the  course  of  our  literature  review  several 
documents  were  found,  while  not  pertaining  directly  to  B-52 
alert  scheduling  procedures,  that  did  address  resource  alloca¬ 
tion  problems  in  SAC.  A  RAND  report  entitled  Scheduling 
Aircrews  and  Aircraft:  Problems  of  Resource  Allocation  in 
the  Strategic  Air  Command,  by  Berman  (l),  was  the  first 
attempt  to  model  the  B-52  wing  and  develop  a  set  of  pre¬ 
dictive  hypotheses  to  improve  resource  allocations.  Among 
his  major  findings  were  (livii)i 

1 .  The  level  of  aspiration  for  quality  in 
judgmental  activities  depends  heavily  on 
resources  available. 

2.  Slack  resources  result  from  attempts  to 
avoid  uncertainty. 

3.  Slack  resources  are  developed  to  reduce 
conflict  between  subgroups. 

Berman  forecast  the  development  of  a  system  to  mechanize 
the  schedule  building  process  which  would  imitate  the  rules 
used  by  schedulers.  This  would  be  incorporated  in  a  com¬ 
puter  system  referred  to  as  Decision  Oriented  Scheduling 
System  (DOSS)  which  at  the  time  of  this  study  was  under 
development  at  the  RAND  Corporation.  The  use  of  DOSS  permits 
the  wing  level  scheduler  to  forsee  the  effects  of  scheduling 
decisions  prior  to  their  implementation. 
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This  ability  was  demonstrated  in  the  most  recent 
research  to  date,  that  by  Fallon  (6)  entitled  Rule  Based 
Modeling  as  an  Analysis  Tool;  Implications  for  Resource 
Allocation  Within  the  Strategic  Air  Command.  This  study 
was  the  direct  outgrowth  of  Berman's  research  and  tested 
the  application  of  DOSS  at  two  SAC  wings  in  the  context  of 
the  B-52  Aircrew  Training  Continuation  Test  Program.  Using 
DOSS,  several  rule  and  policy  changes  concerning  aircraft 
and  aircrew  scheduling  parameters  were  hypothesized  to 
examine  if  an  increase  in  aircraft  and  aircrew  availability 
for  flying  was  feasible.  For  example,  using  shortened  mission 
planning  prior  to  all  sorties  and  reducing  the  basic  turn¬ 
around  time  on  an  aircraft  between  two  sorties,  DOSS 
examined  whether  more  sorties  could  be  generated  in  a  given 
week.  Fallon's  (6:vii)  finding  was: 

Increased  levels  of  sorties  and  alert  are 
possible  given  current  aircrew  resources,  provided 
that  certain  rule  and  policy  changes  to  increase 
aircrew  availability  are  adopted.  In  one  case, 

DOSS  scheduled  a  12.5  percent  increase  in  total 
sorties  for  a  three-month  period,  along  with 
increasing  the  alert  force  from  four  to  five 
aircrews  on  alert. 

Among  projected  uses  of  DOSS  are  its  application  as  a  wing 
level  scheduling  aid  and  as  an  instrument  to  enhance  the 
training  of  wing  schedulers.  While  DOSS  is  a  rule  based 
modeling  system  used  to  improve  organizational  decision¬ 
making,  SAC  is  considering  its  use  as  an  analysis  tool  at 
the  headquarters  level. 
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The  most  promising  development  for  modeling 
scheduling  systems  at  the  unit  level  has  been  the  Automated 
Missile  Operations  Management  System  (AMCMS)  currently  in 
operational  use  at  the  351st  Strategic  Missile  Wing,  Whiteman 
Air  Force  Base,  Missouri  (2).  This  system  began  in  19?4 
with  the  work  of  lLt  Michael  Bush  in  conjunction  with  the 
AFIT  Minuteman  Education  Program  (MMEP)  at  Whiteman  AFB. 

This  was  the  first  attempt  to  combine  the  data  management 
procedures  of  the  manual  system  into  a  series  of  programs 
which  could  be  accomplished  in  a  more  efficient  manner  using 
a  computer .  First,  an  information  system  was  developed  which 
contained  the  personal  data  of  all  crew  members,  data  con¬ 
cerning  organizational  identification  codes,  and  a  performance 
data  subsystem  including  alert  statistics,  training  data, 
and  performance  evaluations  (2  * 63 ) .  The  second,  and  pivotal 
element,  is  the  scheduling  system  which  utilizes  data  pro¬ 
vided  by  the  information  system  to  generate  monthly  and 
weekly  schedules  (2»64).  This  system  possesses  excellent 
capabilities  for  handling  routine  repetitive  operations 
scheduling,  but  a  manual  alert  input  had  to  be  developed. 

"This  system  became  necessary  when  it  was  observed  that  even 
a  good  schedule  generated  by  the  computer  could  quickly 
become  obsolete  given  the  need  to  modify  a  few  alerts  and 
these  changes  not  provided  to  the  computer  (2j48).“  It  is 
precisely  this  area  which  has  proven  to  be  most  difficult 
to  incorporate  into  an  automated  data  system. 

A  subsequent  project  was  undertaken  the  following 
year  by  lLt  Mark  S.  Wegehaupt  to  further  develop  the  AMOMS  (15). 


16 


1 


This  effort  was  brought  about  by  the  change  in  Minuteman 
missile  alert  tour  length  from  thirty- six  to  twenty-four 
hours  (15«^).  Because  of  this  change  many  of  the  algorithms 
advanced  for  the  first  study  had  to  be  modified  to  account 
for  the  shorter  amount  of  time  existing  between  successive 
alert  tours.  It  also  embodied  an  alert  tour  scheduling 
system  which  was  ninety-five  percent  effective  in  meeting 
the  number  of  required  alert  tours  scheduled  to  be  filled 
by  missile  crew  members  each  month  (150)  •  One  advantage 
that  was  sacrificed  in  this  system,  however,  was  the 
scheduling  of  integral  flights  of  crews  for  a  new  system 
utilizing  alert  groups.  The  primary  distinction  among  the 
groups  was  whether  the  crews  within  a  group  were  participating 
in  the  AFIT  MMEP.  The  schedule  was  built  to  optimize  the 
number  of  crews  that  could  participate  in  AFIT  classes 
that  were  scheduled  on  alternating  weekdays. 

In  January  1978,  lLt  Danny  Marrs  produced  the  next 
iteration  in  the  development  of  the  AMOMS  (8).  During  the 
prior  two  phases  of  the  system, all  data  input  was  accomplished 
using  a  remote  CRT  terminal  located  at  the  351st  SMW  opera¬ 
tions  office  which  was  connected  to  the  IBM  370  computer 
system  at  the  University  of  Missouri  (8«2).  At  the  beginning 
of  October  1977,  funding  was  no  longer  provided  for  the  use 
of  the  CRT  terminal.  Therefore,  continued  use  of  the  system 
required  the  development  of  a  batch  (card)  input  system. 
lLt  Marrs  devised  this  batch  input  capability,  which  allowed 
the  continued  use  of  AMOMS  and  resulted  in  a  cost  reduction 
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of  over  1,200  percent  (8s2).  This  process  illustrates  that  j 

the  continued  development  of  automated  scheduling  systems 
can  be  realized  even  when  challenged  with  scarce  financial 
resources. 

The  system  has  not  progressed  to  the  point  at  which 
it  is  adaptable  for  use  on  the  current  generation  of  micro¬ 
computers.  The  351st  SMW  is  now  using  a  TRS-80  (10)  to 
completely  process  the  AMOMS,  which  formerly  had  been  exe¬ 
cuted  by  the  IBM-370.  It  is  presently  undergoing  a  one-year 
test  to  validate  the  applications  of  the  system  on  a  micro¬ 
computer  with  its  associated  reduction  in  cost.  Should 
this  test  be  successful,  it  is  anticipated  that  the  AMOMS 
will  be  implemented  at  the  other  five  Minuteman  wings.  This 
would  be  the  first  automated  system  used  for  combat  crew 
scheduling  in  SAC  on  a  regular  basis. 

As  the  literature  review  demonstrates,  to  date  there 
have  not  been  any  research  efforts  that  have  directly  addressed 
the  automation  of  scheduling  bomber  crew  members.  There  is 
interest  in  such  a  system  at  the  HQ  SAC  level,  and  Major 
William  Mitchell  (9).  Operation  Systems  Management  Division, 
has  confirmed  that  an  initial  system  is  under  development. 

Major  Mitchell's  effort,  at  this  time,  is  in  the  formulation 
stage.  Any  automated  scheduling  models  developed  will  be 
directly  beneficial  to  overall  progress  in  this  field. 

Similarly,  at  Eighth  Air  Force,  interest  has  been  shown  and 
Major  Ron  Jones  (7)  has  made  available  all  references  and 
models  developed  by  his  office  in  their  studies  of  suggested 
changes  to  alert  management  rules  and  shortened  alert  tour 
options. 
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CHAPTER  2 


METHODOLOGY 


Introduction 

As  noted  previously,  SAC  is  currently  using  a  fixed 
length  alert  scheduling  system  consisting  of  seven  consecu¬ 
tive  days  of  alert.  By  incorporating  the  flexibility 
provided  by  the  recent  changes  in  SACR  55-^3.  several 
different  models  of  variable  alert  tour  length  scheduling 
will  be  examined.  The  purpose  of  this  study  is  to  determine 
if  an  increased  number  of  available  duty  days  can  be  realized 
through  variable  alert  tour  length  scheduling. 

The  authors  are  both  familiar  with  the  alert  tour 
scheduling  process  currently  used  throughout  SAC.  Their 
combined  experience  in  both  aircraft  and  missile  combat  crew 
operations  of  over  eight  years  has  given  them  an  in-depth 
understanding  of  the  complexities  of  alert  scheduling. 
Additionally,  one  of  the  authors  spent  over  two  years  as 
a  Bomber  Mission  Development  Officer  responsible  for  the 
scheduling  of  all  crew  alert  tours  within  a  B-52  wing. 

The  Present  Seven-Day  Alert  System 

In  order  to  determine  if  variable  alert  tour  length 
scheduling  will  increase  the  number  of  available  duty  days 
in  comparison  to  the  fixed  length  alert  scheduling  system, 
models  of  each  system  will  be  developed  in  this  research i. 
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The  seven-day  alert  system  revolves  around  the  concept  of 
flight  integrity  in  establishing  the  basic  model.  This 
process  is  developed  by  combining  the  following  elements t 
the  number  of  lines  of  alert  which  must  be  maintained,  the 
number  of  flights  available  for  duty,  and  the  length  of 
the  alert  tour  itself.  The  results  of  this  effort  are 
depicted  in  Figure  2-1 .  The  charting  process  used  to  con¬ 
struct  this  and  the  variable  length  alert  scheduling  models 
will  be  discussed  in  a  subsequent  section  of  this  chapter. 

In  developing  the  fixed  length  alert  scheduling 
model,  the  squadron  is  divided  into  three  flights, each 
containing  five  crews,  and  a  STAN/EVAL  flight  consisting  of 
three  crews.  Each  flight  is  responsible  for  manning  all 
four  lines  of  alert  during  the  period  when  the  flight  is 
scheduled  for  its  seven-day  alert  requirement.  This  alert 
cycle  always  begins  on  a  Thursday,  terminating  on  the  fol¬ 
lowing  Thursday  when  the  next  flight  assumes  the  alert 
requirement.  The  relieved  flight  then  begins  its  three 
and  one-half  days  of  CCRR  during  which  time  it  cannot  be 
scheduled  for  any  military  duty.  This  sequential  process 
is  illustrated  in  Figure  2-1.  "A"  Flight,  crews  S-ll 

through  E-15,  assumes  alert  on  Thursday,  1  January  1981, 
followed  by  "B"  Flight,  crews  S-21  through  E-25,  on  8  Janu¬ 
ary  and  "C"  Flight,  crews  S-31  through  E-35,  on  15  January. 

The  participation  of  STAN/EVAL  crews  in  the  alert 
tour  cycle  is  shown  in  Figure  2-1  on  22  January  when  crew 
S-01  assumes  one  of  the  lines  of  alert  with  "A”  Flight. 
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FIGURE  2-1 


Sevel  Day  Alert  Tour  Model 


FIGURE  2-1 


Seven  Day  Alert  Tour  Model 


Normally,  crew  S-01  will  be  linked  with  "A"  Flight,  crew 
S-02  with  "B”  Flight  and  crew  S-03  with  “C"  Flight.  This 
association  is  particularly  important  because  of  the  neces¬ 
sity  of  planning  for  leave  periods  for  each  flight. 

A  typical  scheduling  procedure  for  establishing 
leave  periods  is  to  form  an  alert/CCRR/leave  relationship 
so  that  the  flight’s  fifteen  day  leave  cycle  will  begin 
immediately  following  a  seven-day  alert  tour  and  its  accom¬ 
panied  CCRR .  This,  in  effect,  will  allow  the  individual 
crew  member  to  have  nineteen  days  of  leave  should  leave 
commence  the  first  day  of  CCRR.  To  prevent  complications 
arising  from  the  random  scheduling  of  leave  for  STAN/EVAL 
crews  it  is  necessary  to  match  each  STAN/EVAL  crew  with  a 
particular  flight  for  scheduling  its  leave.  Thus,  when 
crew  S-01  assumes  alert  on  22  January  and  receives  its  CCRR 
beginning  on  29  January,  it  will  then  begin  its  fifteen 
day  leave  period  on  2  February  which  would  normally  be  given 
to  one  of  the  crews  on  "A"  Flight.  Leave  scheduling  for 
specific  crews  during  any  particular  leave  cycle  is  delegated 
from  the  unit  scheduler  to  the  squadron  and  flights.  How¬ 
ever,  the  scheduler  must  know  which  crews  have  selected 
which  dates  for  leave  at  least  four  months  in  advance. 

This  is  necessary  in  order  to  construct  a  basic  alert/leave 
cycle  for  the  forthcoming  quarter  and  to  assure  as  equitable 
a  distribution  of  alert  days  as  possible.  The  distribution 
of  alert  days  is  indicated  by  the  cumulative  figures  for 
the  first  quarter  ending  in  March  shown  in  column  two, 


24 


"ALERT  DUTY  DAYS  QTR "  of  Figure  2-1.  Finally,  during  a 
six  month  period,  26  blocks  of  leave  would  be  available  for 
the  eighteen  crews, which  means  that  thirteen  blocks  of 
leave  are  available  during  a  quarter.  Only  nine  of  the 
blocks  will  be  distributed  among  the  crews  during  the 
quarter  so  that  at  the  end  of  the  six  month  period  each  of 
the  eighteen  crews  will  have  received  one  block  of  leave. 

Generally,  during  the  period  of  a  quarter ,  the 
squadron  must  respond  to  an  average  of  three  TDY  assign¬ 
ments.  The  nature  of  these  assignments  may  include  combat 
crew  competitions,  higher  headquarters  training  missions 
such  as  RED  FLAG,  or  transporting  aircraft  to  other  units 
or  to  depot.  These  assignments  are  illustrated  in  Figure 
2-1  by  the  seven-day  periods  designated  by  the  letter  T. 

Cne  seven-day  TDY  assignment  is  incorporated  into  each 
month  of  the  quarter. 

Development  of  Charting  Process 

To  develop  a  schedule  using  any  particular  alert 
scheduling  model,  a  charting  process  is  used.  This  is  a 
series  of  steps  which  will  result  in  a  completed  schedule 
that  summarizes  the  number  of  days  each  crew  is  available 
for  other  duty.  A  one-time  form  was  designed  for  this 
research,  an  example  of  which  is  shown  in  Figure  2-1,  and 
is  used  in  the  charting  process.  This  process  consists 
of  the  following  steps « 

1)  Determine  the  quarter  to  be  scheduled  and 
identify  the  total  number  of  days  present  in  the  specific 
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three  month  period.  When  comparing  various  alert  tour 
length  models,  the  same  three  month  quarter  should  be  used 
to  ensure  that  the  total  days  available  remain  constant. 

For  example,  a  schedule  covering  the  first  calendar  quarter, 
January  through  March,  encompasses  a  total  of  90  days. 
Another  schedule  may  cover  the  July  through  September 
quarter  which  consists  of  92  days.  Because  of  the  differ¬ 
ence  in  total  number  of  days  within  a  quarter,  a  comparison 
between  the  total  number  of  available  duty  days  under  the 
two  schedules  would  not  be  valid. 

2)  Identify  all  weekends  and  federal  holidays. 

This  is  required  because  these  days  are  not  considered  to 
be  available  duty  days.  Such  days  are  highlighted  on 
Figure  2-1  by  the  circled  numbers  across  the  top  of  the 
form.  The  federal  holidays  that  are  taken  into  account 
by  the  various  scheduling  models  to  be  used  include  New 
Year's  Day,  Veteran's  Day,  Washington's  Birthday,  Memorial 
Day,  Labor  Day,  Independence  Day,  Columbus  Day,  Thanks¬ 
giving  and  Christmas. 

3)  Determine  and  list  the  number  of  crews  available 

within  each  flight.  STAN/EVAL  crews  are  listed  separately 
from  the  flights  and  are  always  designated  by  S-01,  S-02 
and  S-03.  "A"  Flight  will  always  consist  of  crews  S-ll 

through  E-15,  "B"  Flight  of  crews  S-21  through  E-25  and 

"C"  Flight  of  crews  S-31  through  R-35.  When  the  total 
number  of  available  crews  is  less  tr.nji  eighteen,  crew  S-02 
and/or  E-32  will  be  deleted. 
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4)  The  first  parameter  to  be  placed  on  each  crew's 
schedule  will  be  the  15  day  period  of  leave  for  those  crews 
that  will  be  taking  leave  during  the  quarter.  Each  flight, 
plus  its  associated  STAN/EVAL  crew,  will  be  given  three 
leave  periods.  For  variable  tour  length  model  comparison 
purposes,  three  crews  within  a  flight  are  arbitrarily  assigned 
leave,  assuming  that  during  the  next  quarter,  the  remaining 
three  crews  will  receive  their  leave. 

5)  Establish  the  alert  tour  length  model  to  be 
tested  and  implement  it  beginning  with  "A"  Flight.  An  X/Y 
or  X/Y/Z  model  will  be  used  where  X  represents  the  number 

of  consecutive  days  spent  on  alert  by  each  flight  in  succes¬ 
sion,  Y  represents  the  next  portion  of  the  alert  cycle,  and, 
if  applicable,  Z  represents  the  final  segment  of  the  alert 
cycle  that  each  flight  will  spend  on  alert  prior  to  the 
beginning  of  going  on  CCRR . 

6)  Begin  the  successive  rotation  of  the  alert  cycle 
among  the  flights  continuing  it  throughout  the  quarter.  An 
example  of  a  4/3  schedule,  for  instance,  would  have  "A" 

Flight  assuming  alert  from  the  first  through  the  fourth 
day,  "B"  Flight  on  alert  from  the  fifth  through  the  eighth 
day,  and  ”C"  Flight  from  the  ninth  through  the  twelfth. 

The  second  portion  of  the  cycle  begins  with  "A”  Flight  on 
alert  from  the  thirteenth  through  the  fifteenth  day  followed 
by  CCRR  from  the  sixteenth  midway  through  the  nineteenth 
day.  "B"  Flight  assumes  alert  for  three  days,  the  sixteenth, 
seventeenth,  and  eighteenth,  followed  by  their  CCRR  time. 
Finally,  "C"  Flight  is  on  alert  for  three  days,  followed 
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by  their  three  and  one-half  days  of  CCRR.  The  alert  cycle 
begins  again  when  "A"  Flight  relieves  "C"  Flight  to  begin 
four  days  of  alert. 

(7)  At  the  completion  of  the  last  day  of  the  month, 
the  number  of  alert  days,  available  duty  days,  and  non- 
available  duty  days  will  be  computed.  The  number  of  days 
of  alert  for  the  month  per  crew  is  totalled  and  placed  in 
column  one  of  the  form,  on  the  extreme  right-hand  side. 

This  number  is  then  added  to  the  total  for  previous  months 
in  the  quarter  to  yield  a  total  number  of  days  of  alert  for 
the  period.  For  the  first  month  of  the  quarter,  these  two 
numbers  in  columns  one  and  two,  respectively,  will  be  equal. 

The  totals  for  the  number  of  available  duty  days  and  non- 
available  duty  days  per  month  and  quarter  in  columns  three 
and  four,  and  columns  five  and  six,  respectively,  are  cal¬ 
culated  in  a  similar  fashion.  The  key  distinction  between 
totalling  number  of  days  of  alert  and  number  of  available 
duty  days  is  that  when  calculating  the  numbers  of  available 
duty  days  for  any  crew,  a  cross-check  for  accuracy  must  be 
made.  First,  each  square  must  be  unoccupied.  Second,  the 
unoccupied  square  must  be  cross  referenced  at  the  top  of 
its  column.  If  the  column  is  not  marked  by  a  circle,  this 
square  is  then  considered  to  represent  an  available  duty 
day.  Squares  representing  available  duty  days  for  a  parti¬ 
cular  crew  are  summed  across  the  month  and  are  indicated  by 
the  numbers  in  column  three.  The  number  of  non-duty  days 
during  the  month  is  shown  in  column  five.  A  non-duty  day  is 

one  that  is  spent  on  leave,  CCRR,  is  a  weekend  day  or  a  holiday. 
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Adding  columns  three  and  five  yields  the  number  of  days 
in  the  month.  This  is  one  of  the  cross-checks  used  to 
guarantee  an  error  free  schedule. 

8)  At  the  end  of  the  quarter  the  total  number  of 
days  of  alert,  available  duty  days,  and  non-available  duty 
days  are  tabulated  on  the  form.  This  is  done  by  adding 
the  numbers  representing  days  of  alert,  available  duty 
days,  and  non-available  duty  days  for  the  last  month  of  the 
quarter  to  columns  two,  four,  and  six,  respectively,  of 
the  preceeding  month.  The  quarterly  figures  are  then 
shown  in  columns  two,  four,  and  six  of  the  last  month  of 
the  quarter. 

9)  A  final  cross-check  must  then  be  made  to  elim¬ 
inate  any  possible  errors  in  the  schedule.  The  figure  at 
the  bottom  of  column  two  for  the  last  month  of  the  quarter 
should  be  equal  to  the  number  of  lines  of  alert  times  the 
total  number  of  days  in  the  quarter.  For  the  quarter 
illustrated  in  Figure  2-1  there  were  90  days  in  the  period 
and  four  lines  of  alert  to  be  manned.  This  means  that 
the  total  number  of  alerts  for  the  period  must  equal  3^0. 

The  final  total  for  the  number  of  available  duty  days  during 
the  period,  found  at  the  bottom  of  column  four,  must  equal 
the  sum  of  the  number  of  available  duty  days  for  each 
month  in  the  quarter.  To  produce  this  grand  total,  add 

the  number  at  the  bottom  of  column  three  for  each  of  the 
months  of  the  quarter. 
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Similarly,  the  final  total  for  the  number  of  non- 
available  duty  days  during  the  period,  found  at  the  bottom 
of  column  six,  must  equal  the  sum  of  the  number  of  non- 
available  duty  days  for  each  month  in  the  quarter.  To 
produce  this  grand  total,  add  the  number  at  the  bottom  of 
column  five  for  each  of  the  months  of  the  quarter.  The 
number  resulting  from  the  addition  of  the  totals  found  in 
columns  four  and  six  will  equal  the  total  number  of  all 
days,  both  available  and  non-available,  in  the  quarter. 

The  last  cross-check  in  the  verification  process  is  to 
multiply  the  number  of  crews  by  the  number  of  days  in  the 
quarter  and  the  resulting  figure  must  equal  the  number 
computed  by  the  addition  of  columns  four  and  six.  This 
insures  that  every  duty  day  for  each  aircrew  has  been 
incorporated  into  the  development  of  the  schedule  and  the 
model  is  numerically  correct. 

Measures  of  Effectiveness 

The  measures  of  effectiveness,  or  criteria,  used 
to  compare  the  fixed  and  variable  alert  tour  length  models 
will  be  as  follows  1 

(1)  Total  number  of  available  duty  days  for  the 
quarter. 

(2)  Average  duty  days  available  for  STAN/EVAL 
crews . 

(3)  Average  duty  days  available  for  all  other 
mission-ready  crews. 

(4)  Average  duty  days  available  for  all  crews 
combined . 
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To  compute  the  measure  in  (2),  add  the  quarterly 
figures  in  column  four  AVAILABLE  DUTY  DAYS  QTR,  for  each 
STAN/EVAL  crew,  then  divide  by  the  total  number  of  STAN/EVAL 
crews.  To  calculate  the  measure  in  (3),  follow  a  nearly 
identical  procedure  but  exclude  the  figures  in  column  four 
which  pertain  to  the  STAN/EVAL  crews.  After  the  total  is 
obtained,  divide  by  the  total  number  of  non/STAN/EVAL  crews. 
The  final  measure  of  effectiveness  (4),  is  the  summation 
of  all  total  available  duty  days  divided  by  the  total  num¬ 
ber  of  crews. 

The  measures  of  effectiveness  for  the  current 
seven-day  alert  system  are  computed  as  follows,  using  the 
information  from  Figure  2-1 . 

(1)  The  total  number  of  available  duty  days  is 
649,  which  is  found  at  the  bottom  of  column 
four  of  the  March  schedule. 

(2)  The  average  duty  days  available  for  STAN/ 

EVAL  crews  is  47*33.  This  measure  was  computed 
by  adding  the  quarterly  duty  days  from  column 
four  of  the  March  schedule  for  the  three  STAN/ 
EVAL  crews  (45+44+53),  and  then  dividing  by 
three . 

(3)  The  average  duty  days  available  for  all  other 
mission-ready  crews  is  33*80.  This  measure  • 
was  computed  by  adding  the  quarterly  duty  days 
from  column  four  of  the  March  schedule  for  all 
crews  except  STAN/EVAL  (36+39+. . .+30 )  and  then 
dividing  by  15* 

(4)  The  average  duty  days  available  for  all  crews 
combined  is  36.05.  This  measure  of  effective¬ 
ness  was  computed  by  dividing  the  649  total 
duty  days  by  the  18  crews. 


These  criteria  will  be  compared  with  the  respective 
results  of  the  proposed  eight  variable  alert  tour  length 
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models  to  determine  if  a  more  effective  schedule  can  be 
developed.  The  model  attaining  the  highest  number  of 
available  duty  days  will  initially  be  chosen  as  the  best 
model.  Further  examination,  however,  will  be  undertaken 
to  ensure  that  the  distribution  of  available  duty  days 
among  3TAN/EVAL  crews,  other  mission-ready  crews,  and  the 
flights  is  equitable.  Table  2-1  summarizes  the  models'  to 
be  investigated  with  the  measures  of  effectiveness  indicated 
by  the  appropriate  symbols. 

Justification  to  Zliminate  Y/X  Models 

Alert  models  which  are  mirror  images,  for  example 
4/3  and  3/4,  will  result  in  identical  totals  of  days  spent 
on  alert  and  CCRR  at  recurring  intervals  due  to  the  repeti¬ 
tive  nature  of  the  scheduling  process.  However,  it  is 
believed  that  the  number  of  available  duty  days  produced 
by  the  mirror  images  will  differ  slightly  due  to  the  manner 
in  which  weekends  and  CCRR  overlap.  These  differences  would 
appear  to  be  insignificant  when  examined  over  the  course  of 
a  90  day  period.  During  analysis  of  the  models  this  factor 
will  be  examined  to  confirm  or  deny  this  assumption. 

Chapter  Summary 

This  chapter  describes  the  manner  in  which  variable 
length  alert  tour  models  will  be  developed  and  analyzed 
with  respect  to  the  current  fixed  length  model.  The  next 
chapter  discusses  data  generation  and  analysis. 
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Model 

Designator 


TABLE  2-1 


MEASURES  OF  EFFECTIVENESS 

Total  Average  Average  Average 

Available  ADD  for  ADD  for  ADD  for 

Duty  Stan/Eval  NON  Stan/Eval  All 

Days  (T. )  Crews  (S.) Crews  (C. )  Crews  (A. 


)  Ranking 


CHAPTER  3 


DATA  GENERATION  AND  ANALYSIS 


Overview 

The  data  used  for  this  study  was  generated  by  the 
production  of  66  different  schedules  during  the  period 
5  January  1981  to  17  April  1981.  This  total  of  66  schedules 
was  predetermined  in  the  study’s  methodology.  Consequently, 
there  were  22  different  scheduling  models  produced  using 
scenarios  with  18,  17,  or  16  crews  available  for  alert 
duty.  These  scheduling  models  are  incorporated  in  Appen¬ 
dixes  A,  B,  and  C  respectively. 

The  final  number  of  66  schedules  was  determined  by 
first  calculating  all  possible  schedules  that  added  up  to 
a  total  of  between  seven  and  nine  days  of  alert.  Next, 
schedules  were  eliminated  that  proved  to  be  infeasible  in 
that  they  would  result  in  periods  without  any  crews  available 
for  alert  duty.  Such  an  example  is  a  7/1  schedule.  Refer¬ 
ring  to  Figure  3-1.  it  can  be  seen  that  no  crews  are  available 
to  assume  alert  duty  during  the  period  25-26  January.  If 
the  1/7  version  is  used,  "C"  Flight  cannot  assume  alert  on 
27  January.  The  use  of  any  other  flight  on  that  date  would 
violate  one  of  the  fundamental  ground  rules  of  the  alert 
scheduling  process.  Then, schedules  were  eliminated  that  had 
alert  periods  greater  than  seven  days  long.  This  was  because 
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the  operational  guidelines  previously  established  prohibited 
single  periods  of  alert  longer  than  seven  days.  These  rules 
eliminated  schedules  such  as  8/0,  8/1,  and  9/0.  Next, 
mirror  images  were  eliminated  because  of  the  cyclical  nature 
of  the  scheduling  process.  For  example  a  6/2;  2/6  schedule 
with  CCRR  following  either  segment  of  the  alert  are  the  same 
(see  Figure  3-1).  In  the  case  of  the  6/2  and  2/6  schedules, 
the  number  of  days  of  alert  and  days  of  CCRR  are  exactly  the 
same  after  every  24  day  segment.  To  determine  at  what  inter¬ 
vals  mirror  image  schedules  will  be  equal,  total  the  number 
of  days  in  the  alert  tour  model  designator  block,  then 
multiply  by  the  number  of  flights.  Using  the  6/2  and  2/6 
models  this  method  results  in  the  followings  6+2=8,  8x3=24. 
Afliile  the  6/ 2-2/6  model  was  used  to  illustrate  the  concept 
of  mirror  images,  it  was  eliminated  as  infeasible  under 
current  conditions  because  of  a  conflict  among  completing 
CCRR,  the  requirement  for  insuring  eight  hours  crew  rest 
prior  to  assuming  alert,  and  the  assumption  of  alert  duty. 
Using  a  6/2  schedule  it  is  impossible  for  "A”  Flight  to  com¬ 
plete  CCRR,  have  eight  hours  free,  and  assume  alert.  For 
example,  "A"  Flight  goes  on  four  days  of  CCRR  beginning 
21  January  at  0830  hours.  By  0830  hours  on  25  January,  the 
flight  must  assume  alert  again,  precisely  when  it  is  finishing 
CCRR.  Under  current  policy  all  crews  must  have  eight  hours 
crew  rest  prior  to  assuming  alert  to  include  not  being  on 
CCRR.  In  order  to  workt  the  6/2  schedule  would  have  to  con¬ 
sistently  violate  this  provision.  The  mirror  image,  2/6, 
affect  -C"  Flight  in  the  same  exact  manner. 
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Iterations  of  basic  models  were  determined  by  the 
smallest  number  in  the  model.  For  example  a  3/6  has  three 
iterations  while  the  4/5  has  four  iterations.  The  purpose 
the  iterations  served  was  to  advance  the  beginning  of  the 
alert  cycle  to  account  for  the  slight  differences  that  sur¬ 
face  depending  upon  which  day  the  cycle  begins.  No  model 
required  more  than  four  iterations  representing  starting 
the  model  on  four  separate  days  of  the  week.  The  reason 
for  this  is  the  repetitive  nature  of  the  alert  scheduling 
process. 

The  straight  seven  day  alert  system  figures  were 
established  as  standards  for  comparison  purposes.  The 
reason  for  this  was  that  the  seven  day  system  is  currently 
being  used,  and  all  other  schedule  models  should  be  compared 
to  it  to  see  if  any  exceed  the  marks  it  has  established. 

As  was  subsequently  found,  no  other  model  emerged  superior 
to  the  current  scheduling  practice. 

Four  broad  criterion  measures  were  used  to  evaluate 
the  different  scheduling  models.  These  were:  available 
duty  days  possible,  incidence  of  splitting  crew  rest,  inci¬ 
dence  of  violating  flight  integrity,  and  the  incidence  of 
any  STAN/EVAL  crew  being  on  alert  over  50#  of  the  regular 
line  crew  alert  rate.  The  first  criterion  was  selected 
because  it  is  the  prime  focus  of  this  research,  which  is 
to  determine  what  schedule  yields  the  maximum  number  of 
available  duty  days.  The  other  three  criteria  were  chosen 


because  they  represent  occurrences  which  must  be  held  to 
a  minimum  in  an  operational  environment. 

To  get  a  clearer  understanding  of  the  total  and 
distribution  of  available  duty  days  possible,  four  ways  of 
analyzing  the  numbers  were  used.  First,  schedules  were 
examined  solely  with  regard  to  total  number  of  available 
duty  days  produced.  Second,  the  different  models  were  viewed 
by  the  total  number  of  available  duty  days  for  STAN/SVAL 
crews  since  this  measure  indicates  how  much  time  is  available 
for  3TAN/ZVAL  crews  to  conduct  various  evaluation  activities. 
For  example,  if  a  situation  existed  in  which  the  total  number 
of  available  duty  days  were  relatively  high,  but  the  STAN/ 

EVAL  average  of  available  duty  days  was  relatively  low,  the 
implication  would  be  that  the  STAN/ZVAL  crews  are  experiencing 
a  relatively  high  alert  rate.  This  would  not  be  a  desirable 
situation  because  it  is  likely  that  completion  of  evaluation 
activities  would  be  hampered.  Third,  to  compliment  the  pre- 
ceeding  average,  averages  were  obtained  for  the  number  of 
available  duty  days  excluding  STAN'/ EVAL  crews.  Finally, 
averages  for  the  number  of  available  duty  days  for  all  crews 
combined  were  obtained. 

Available  Duty  Days  (A3D)  Possible 

As  shown  in  Tables  3-1,  3-2,  3~3,  regardless  of  the 
number  of  crews  available,  the  straight  seven  day  alert 
schedule  always  yielded  the  maximum  number  of  available  duty 
days.  The  differences  were  sometimes  very  small.  For  example, 

there  is  only  a  five  day  difference  in  total  ADD  for  the  13 
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crew  wing  when  comparing  the  straight  seven  day  schedule,  the 
3/2/2  A,  and  the  4/A  models.  Nevertheless,  the  straight  seven 
day  alert  model  consistently  produced  the  maximum  number  of 
available  duty  days. 

Another  point  to  be  noticed  is  that  the  3/3/2  A  model 
is  always  ranked  second  in  terms  of  the  total  number  of  avail¬ 
able  duty  days  as  shown  in  the  last  column  of  the  three  tables. 
Furthermore,  it  is  always  an  extremely  close  second  differing 
only  by  one  day  under  the  18  and  17  crew  scenarios,  and  by 
two  days  when  only  1 6  crews  are  available  for  alert.  Depend¬ 
ing  upon  the  number  of  crews  available  for  alert,  the  third 
best  scheduling  model  varied  among  the  4/4,  3/3/2  3,  and  3/6  3 
models.  ;Jhen  12  crews  are  available  the  4/4  comes  within  five 
days  of  the  total  ADD  produced  by  the  straight  seven  day  sched¬ 
ule.  Under  situations  when  only  17  or  16  crews  are  available, 
the  third  best  schedule  still  yields  seven  days  less  than 
the  straight  seven-day  alert  model. 

Just  as  reasonable  consistency  is  found  among  these 
scheduling  models  producing  the  highest  total  of  ADD  regard¬ 
less  of  the  number  of  crews  available,  a  similar  degree  of 
consistency  is  found  among  those  scheduling  models  that  yield 
the  lowest  total  of  ADD.  In  all  instances  the  2/3/2  3  was 
found  to  produce  the  fewest  available  duty  days.  The  second 
worst  model,  when  18  crews  are  available,  is  a  tie  between 
the  2/3/2  A  and  the  4/ 5  D  models.  Using  the  17  crews  situ¬ 
ation,  the  4/5  D  model  is  tied  with  the  2/3/2  B  for  amount 
of  fewest  available  days.  The  2/3/2  A  and  the  3/3/3  3  models 
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TABLE  3-1 


18  CREW  MODELS 


Total 

Available 


Model  Duty- 
Designator  Days  (T^) 


Straight  7 

649 

2/3/2  A 

600 

2/3/2  B 

596 

4.3  A 

621 

4/3  B 

612 

4/3  C 

612 

4/4 

644 

3/3/2  A 

648 

3/3/2  B 

640 

3/5  A 

635 

3/5  B 

629 

3/5  C 

630 

3/3/3  A 

609 

3/3/3  B 

603 

3/3/3  C 

604 

4/5  A 

621 

4/5  B 

616 

4/5  C 

610 

4/5  D 

600 

3/6  A 

624 

3/6  B 

630 

3/6  C 

632 

Average  Average  Average 

ADD  for  ADD  for  ADD  for 

Stan/Eval  NON  Stan/Eval  All 

Crews  (S.)  Crews  (C. )  Crews  (A.)  Ranking 


TABLE  3-2 


17  CREW  MODELS 

Total  Average  Average  Average 

Available  ADD  for  ADD  for  ADD  for 

Model  Duty  Stan/Eval  NON  Stan/Eval  All 


Designator  Days  (T^) 

Crews  (S^) 

Crews  ( C^ ) 

Crews  (A^) 

Ranking 

Straight  7 

598 

47.00 

32.64 

35.64 

1 

2/3/2  A 

552 

44.33 

29.92 

32.47 

19 

2/3/2  B 

548 

43.00 

29.92 

32.23 

21 

V3  A 

567 

46.00 

30.64 

33.35 

4/3  B 

563 

46.00 

30.35 

33.11 

4/3  C 

561 

44.33 

30.57 

33.00 

4/4 

589 

44.66 

32.50 

34.64 

3/3/2  A 

597 

45.66 

32.85 

35.11 

2 

3/3/2  B 

589 

45.66 

32.28 

34.64 

3/5  A 

583 

4503 

31.92 

34.29 

3/5  B 

578 

4503 

31.57 

34.00 

3/5  C 

578 

44.00 

31-85 

34.00 

3/3/3  A 

557 

42.00 

30.78 

32.76 

3/3/3  B 

552 

43.66 

30.07 

32.47 

19 

3/3/3  C 

553 

43.66 

30.14 

32.53 

18 

4/5  A 

572 

43.33 

31.57 

33.64 

4/5  B 

565 

4303 

31.07 

33.23 

4/5  C 

555 

41.33 

30.78 

32.64 

4/5  D 

548 

40.00 

30.57 

32.23 

21 

3/6  A 

569 

42.66 

31.50 

33.47 

3/6  B 

591 

43  03 

32.92 

34.76 

3 

3/6  C 

579 

44.33 

31.85 

34.05 

RANGE j  598-548 


TABLE  3-3 
16  CREW  MODELS 


Total  Average  Average  Average 

Available  ADD  for  ADD  for  ADD  for 


Model 

Designator 

Duty 

Days  (T^ ) 

Stan/ Eval 
Crews  ( S^ ) 

NON  Stan/Eval 
Crews  (C^) 

All 

Crews  (A^) 

Ranking 

Straight  7 

536 

48.50 

31.35 

33.50 

1 

2/3/2  A 

483 

42.50 

28.42 

30.18 

21 

2/3/2  B 

478 

41.50 

28.21 

29.87 

22 

4/3  A 

502 

44.50 

29.50 

31.37 

4/3  B 

502 

45.50 

29.35 

31-37 

4/3  C 

502 

44.00 

29-57 

31.37 

4/4 

529 

48.50 

30.85 

33.06 

3 

3/3/2  A 

534 

43.50 

31.92 

3307 

2 

3/3/2  B 

529 

44.00 

31.50 

33.06 

3 

3/5  A 

520 

43.50 

30.92 

32.50 

3/5  B 

517 

44.50 

30.57 

32.31 

3/5  C 

516 

43.50 

30.64 

32.25 

3/3/3  A 

493 

41.50 

29.28 

30.81 

3/3/3  B 

494 

44.50 

28.92 

30.87 

3/3/3  C 

498 

46.00 

29.00 

31.12 

4/5  A 

509 

47.00 

29.64 

31.81 

4/  5  B 

501 

44.50 

29.42 

31.31 

4/5  c 

502 

43.00 

29.71 

31.37 

4/5  D 

490 

41.50 

29.07 

30.62 

20 

3/6  A 

506 

43.50 

29-92 

31.62 

3/6  B 

515 

44.50 

30.42 

32.18 

3/6  C 

520 

45.50 

30.64 

32.50 

RANGE:  536-478 
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are  tied  for  being  the  next  to  worst  model  in  this  situation. 
When  only  16  crews  are  available  for  alert  duty  the  2/3/2  A 
is  the  second  worst  model  while  the  4/5  D  is  the  third  worst 
model . 

There  is  greater  variation  in  terms  of  total  number 
of  ADD  between  the  three  worst  schedules  than  there  was  be¬ 
tween  the  three  best  schedules.  When  18  crews  are  available 
there  is  a  difference  of  four  days  between  the  two  worst  sched*- 
ules  and  a  difference  of  three  days  between  the  second  and 
third  worst  schedules.  When  the  wing  is  composed  of  17  crews, 
there  is  a  difference  of  four  days  between  the  two  worst 
schedules  just  as  there  was  in  the  previous  case.  Between 
the  second  and  third  worst  schedules,  however,  there  is  only 
a  one  day  difference.  When  placed  in  the  16  crews  scenario 
there  is  a  difference  of  five  days  between  the  two  worst 
schedules  as  well  as  a  difference  of  seven  days  between  the 
second  and  third  worst  schedules. 

The  following  was  also  noticed  when  comparing  the 
numbers  of  total  ADD.  At  the  top  end  of  the  range  there 
was  only  one  tie  and  it  occurred  when  16  crews  were  avail¬ 
able  using  either  the  4/4  or  3/3/2  B  schedules.  These  were 
tied  for  the  third  best  schedule.  At  the  bottom  end  of  the 
range  there  were  three  ties  among  schedules.  The  ties 
occurred  for  second  worst  schedule  between  the  2/3/2  A  and 
the  4/5  D  within  the  18 'crew  setting;1  between  the  2/3/2  B  and 
the  4/5  D  for  worst  schedule  with  17  crews  available;  and 
between  the  2/3/2  A  and  the  3/3/3  B  for  second  worst  schedule, 
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also  when  17  crews  are  available.  Additionally,  it  is  noticed 
that  there  is  a  range  spread  of  53  days  with  18  crews  available, 
50  days  with  17  crews  and  58  days  with  16  crews. 

The  second  perspective  taken  regarding  available 
duty  days  concerns  their  distribution.  For  this  reason  aver¬ 
ages  were  computed  for  STAN/EVAL  crews,  line  crews,  and  for 
the  crew  force  in  total.  In  general,  because  of  the  ground 
rules  established,  it  was  expected  that  the  STAN/EVAL  average 
would  be  higher  than  that  of  the  rest  of  the  crew  force  and 
this  is  precisely  what  happened.  Furthermore,  there  appears 
to  be  no  notable  distinction  in  the  difference  between  the 
STAN/EVAL  and  line  crew  averages  at  either  end  of  the  total 
ADD  spectrum.  For  example,  the  differences  between  the  two 
averages  for  the  top  three  schedules  with  18  crews  available 
are  13.53,  14,  and  12.27  days,  respectively.  For  the  two 
schedules  tied  for  second  worst  under  the  18  crew  wing  the 
differences  are  15.2  days  for  the  2/3/2  A  and  7.6  days  for 
the  4/5  To  complete  this  analysis  there  is  a  14.66  day 
difference  for  the  worst  schedule  and  a  12.2  day  difference 
for  the  third  worst  schedule.  Similar  numbers  are  found  in 
comparing  the  top  three  and  bottom  three  schedules  for  both 
the  17  and  16  crew  scenarios.  This  was  expected  because  an 
effort  was  always  made  to  limit  the  STAN/EVAL  alert  rate  to 
50 %  or  less  of  the  line  crew  alert  rate.  For  the  same  reason, 
there  is  little  difference  between  the  STAN/EVAL  average  and 
line  crew  average  differential  when  compared  across  the 
18-17-16  crew  spectrum.  To  illustrate,  the  3/3/2  A  has  a 
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14  day  difference  between  STAN/EVAL  and  line  crew  averages 
with  18  crews  available,  a  12.81  day  difference  using  1? 
crews,  and  a  11.58  day  difference  using  16  crews.  Significant 
changes  are  noted  when  a  model,  such  as  the  4/4,  is  compared 
across  the  18-17-16  crew  range.  When  16  crews  are  available 
the  differences  increase  significantly.  This  is  due  to  the 
necessity  of  having  to  borrow  a  crew  from  another  flight  to 
fulfill  an  alert  requirement  in  order  to  minimize  the  demands 
on  STAN/EVAL. 

Another  point  to  notice  is  that  a  few  schedules 
actually  exceed  the  values  of  the  criteria  set  by  the  straight 
seven-day  schedule.  This  is  accounted  for  by  the  way  in  which 
STAN/EVAL  crews  were  used  to  pick  up  alert  tours  under  various 
schedules  and  the  interface  of  these  schedules  with  the  static 
leave  and  TDY  periods.  This  demonstrates  the  fact  that  multi¬ 
ple  measures  must  be  used  to  appreciate  the  impact  of  a  change 
of  schedules.  If  the  concern  is  limited  to  averages  for  dif¬ 
ferent  segments  of  the  crew  force,  the  view  of  which  schedule 
yields  the  optimal  number  of  ADD  is  distorted.  The  observer 
will  notice,  however,  when  viewing  the  averages  for  the  total 
crew  force,  that  the  straight  seven-day  schedule  yields  the  highest 
average  which  is  a  mathematical  certainty  since  it  also  yielded 
the  highest  total  of  ADD.  In  terms  of  the  STAN/EVAL  average, 
the  4/3  A  and  3/3/2  A  schedules  exceeded  the  seven-day  average 
with  18  crews  available.  When  17  crews  were  available,  the 
seven-day  STAN/EVAL  average  was  not  exceeded.  This  same  situa¬ 
tion  existed  when  only  16  crews  were  available  for  alert  duty. 
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Viewing  the  line  crew  averages  in  the  same  order,  when  18  crews 
were  assuming  alert  the  seven-day  average  was  exceeded  by  no 
other  schedule  model,  With  the  17  crew  wing,  the  seven  day 
average  was  exceeded  by  the  3/3/2  A  and  the  3/6  B  models. 

In  the  case  of  16  crews  available  the  seven-day  average  was 
exceeded  by  the  3/3/2  A  and  3/3/2  B  schedule  models.  It  can 
be  observed  that  no  schedule  exceeds  the  seven  day  alert  sched¬ 
ule  available  duty  day  averages  for  both  STAN/EVAL  and  line 
crews.  Once  again  the  seven-day  alert  system  emerges  as  the 
optimum  schedule  when  viewed  from  the  perspective  of  distri¬ 
bution  of  available  duty  days.  The  only  type  of  schedule 
that  would  be  superior  to  the  seven-day  schedule  in  this 
regard  would  be  one  in  which  the  average  for  STAN/EVAL  crews 
and  line  crews  both  exceed  those  of  the  seven-day  model. 

If  this  happened  the  total  average  would  also  be  higher  and 
consequently  the  total  number  of  ADD  would  be  greater.  The 
reasoning  for  this  is  that  presently,  any  schedule  other  than 
the  straight  seven-day  alert  tour  would  create  limitations 
on  the  ability  of  either  the  STAN/EVAL  crews  or  the  line 
crews  to  fulfill  their  requirements.  For  example,  with  18 
crews  available  it  was  noted  that  the  STAN/EVAL  4/3  A  average 
exceeded  the  straight  seven-day  model  STAN/EVAL  average. 

Viewed  in  isolation  the  4/3  A  would  allow  STAN/EVAL  a  greater 
amount  of  time  to  accomplish  evaluation  activities.  Simultan¬ 
eously,  however,  this  same  schedule  allows  line  crews  less 
time  to  accomplish  their  recurring  flying  training  as  well 
as  their  ability  to  be  scheduled  for  evaluations  (see  Table 

3-1  to  confirm  this  observation). 
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Incidence  of  Splitting  Crew  Rest 

Whenever  possible,  it  is  desired  to  give  a  crew 
CCRR  at  the  completion  of  their  alert  tour.  In  the  case  of 
the  seven-day  alert  tour  this  occurs  after  the  seventh  day 
of  alert.  In  all  other  schedule  variations,  CCRR  will  normally 
be  given  after  the  final  segment  of  the  alert  cycle  is  com¬ 
pleted.  To  illustrate,  CCRR  will  normally  only  be  granted 
after  the  third  three-day  segment  of  the  3/3/3  basic  alert 
model  is  completed.  This  is  modified  in  the  case  of  a  crew 
going  on  leave  or  TDY.  In  such  instances,  the  crew  is  given 
CCRR  before  their  departure  in  accordance  with  the  number  of 
days  of  alert  they  have  accumulated.  Also,  if  a  crew  comes 
off  leave  and  picks  up  the  final  segment  of  an  alert  cycle, 

CCRR  will  be  given  in  conjunction  with  the  other  crews  in 
that  flight.  This  will  synchronize  their  duties  with  their 
sister  crews  in  the  flight. 

A  true  split  of  CCRR  occurs  when  some  future  event, 
most  likely  leave,  necessitates  the  granting  of  CCRR  on  two 
successive  alert  segments  for  a  particular  crew.  When  a 
wing  has  their  full  authorization  of  crews,  18  for  a  typical 
B-52G  wing,  no  occasions  arise  where  it  is  necessary  to  split 
crew  rest.  Indeed,  there  were  no  instances  in  any  schedule 
model  when  18  crews  were  available  that  CCRR  had  to  be  split. 
When  only  17  or  16  crews  were  available,  however,  situations 
arose  in  which  there  was  no  other  acceptable  alternative. 

To  gain  an  understanding  of  this  development  it  is  necessary 
to  realize  what  the  scheduler’s  priorities  are  as  well  as  the 
type  of  situation  which  forces  a  splitting  of  CCRR. 
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Ideally,  the  scheduler  attempts  to  maintain  the 
alert  requirements,  allow  enough  time  for  ail  crews  to  meet 
their  training  and  evaluation  requirements,  not  split  CCRR, 
not  borrow  other  line  crews  from  different  flights  to  help 
another  flight  meet  its  alert  commitments  and  not  have 
any  3TAN/3VAL  crew  exceed  50/®  of  the  average  line  crew's 
total  days  on  alert  for  the  quarter.  The  final  three  items 
mentioned  are  listed  in  increasing  priority.  That  is,  the 
first  guideline  to  fall  will  be  splitting  CCRR,  the  second 
to  go  will  be  flight  integrity  and  the  last  to  fall  will 
be  a  STAN/EVAL  crew  exceeding  50/S  of  a  line  crew's  alert 
total  for  the  quarter. 

The  kind  of  situation  that  forces  a  splitting  of 
CCRR  is  the  result  of  the  interplay  of  the  aforementioned 
priorities.  The  number  of  times  CCRR  had  to  be  split,  the 
crew  involved,  the  reason,  the  schedule  model,  and  number 
of  crews  available  are  listed  in  Table  Three  illustra¬ 

tions  will  be  provided  to  show  the  difference  between  a  true 
split  of  CCRR  and  an  apparent  split  as  well  as  to  show  how 
a  true  split  of  CCRR  occurs. 

No  true  splits  occurred  with  18  crews  available. 

To  illustrate  how  leave  will  influence  the  timing  of  CCRR 
though,  consider  crew  3-21  in  the  month  of  March  under  the 
2/3/2  A  schedule  (see  Appendix  A,  p.  83  )  .  Prom  3  -''"arch  to 
6  March  it  takes  a  full  CCRR  with  the  rest  of  its  flight, 
but  it  goes  on  leave  beginning  23  March.  As  a  result  it  is 
given  a  CCRR  of  three  days  beginning  17  March  after  having 
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TABLE  3-4 


INCIDENCES  OF  SPLIT  CCRR 


Model 

Designator 

Crew 

Month 

Reason 

17-2/3/2  B 

E-35 

February 

Due 

to 

leave 

17-4/3  B 

E-35 

•i 

•t 

If 

11 

17-4/5  C 

S-02 

H 

If 

II 

ii 

17-4/5  D 

S-02 

N 

ll 

N 

ii 

17-3/6  B 

E-15 

Feb -Mar 

ii 

•1 

•1 

17-3/6  C 

S-02 

February 

ll 

•I 

ii 

17-3/6  C 

S-21 

March 

H 

•1 

H 

16-2/3/2  B 

E-35 

February 

•1 

M 

H 

16-4/3  B 

R-34 

January 

II 

•1 

H 

16-4/3  B 

E-35 

February 

•I 

II 

II 

16-4/3  C 

R-34 

January 

•• 

n 

M 

16-4/3  C 

E-35 

February 

II 

H 

If 

16-3/3/2  B 

R-22 

January 

M 

II 

II 

16-3/3/2  B 

E-24 

March 

Due 

to  TDY 

16-3/3/3  A 

S-21 

M 

Due 

to 

leave 

16-3/3/3  B 

R-22 

January 

it 

it 

•• 

16-3/3/3  B 

E-13 

February 

N 

•• 

•1 

16-3/3/3  B 

S-21 

March 

II 

N 

ii 

16-3/3/3  C 

E-13 

February 

II 

II 

11 

16-4/5  A 

E-15 

Feb-Mar 

If 

II 

if 

16-4/5  B 

S-21 

March 

H 

II 

« 

16-4/5  C 

S-21 

M 
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completed  the  first  two  segments  of  its  current  alert  cycle. 

To  illustrate  the  second  type  of  apparent  split, 
consider  crew  R-14  during  the  period  27  February  to  1  March 
under  the  2/3/2  A  schedule  (see  Appendix  A,  p.8203)  with 
18  crews  available.  The  crew  returned  from  a  TDY  assignment 
earlier  in  the  month  and  is  rejoining  its  flight  for  the 
final  segment  of  the  current  alert  cycle.  Because  of  this, 
it  is  given  only  one  day  of  CCRR  in  order  to  synchronize  it 
with  the  rest  of  its  flight.  It  then  picks  up  the  beginning 
of  the  next  alert  cycle  on  5  March  with  the  rest  of  its  flight. 

For  an  example  of  why  the  true  split  of  CCRR  happens, 
reference  crew  S-21  in  March  under  the  3/6  C  schedule  (see 
Appendix  B,  p.  210  )  with  17  crews  available.  Normally  S-21 
would  receive  five  days  of  CCRR  after  the  six  day  alert  seg¬ 
ment.  On  23  March,  though,  the  crew  goes  on  leave.  In  this 
instance,  the  fifth  day  of  CCRR  conflicts  with  the  first  day 
of  leave.  To  prevent  this  situation  from  materializing, 

S-21  is  given  two  days  CCRR  on  4-5  March  after  the  three-day 
alert  segment,  followed  up  by  the  remaining  three  days  CCRR 
on  19-21  March  after  the  six  day  alert  segment. 

It  can  be  noticed  that  using  the  straight  seven- 
day  alert  schedule,  no  splitting  of  CCRR  occurred  regardless 
of  the  number  of  crews  available.  This  is  yet  another  point 
in  that  schedule’s  favor.  It  can  also  be  seen  that  the  fre¬ 
quency  at  which  CCRR  had  to  be  split  increased  greatly  when 
the  crew  force  decreased  from  17  to  16.  This  is  because 
a  STAN/EVAL  crew  is  lost  when  making  this  change  in  accordance 
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with  current  guidance.  In  order  to  avoid  breaking  the 
STAN/2VAL  50??  rule,  the  line  crews  must  pick  up  the  increased 
alert  load.  A  third  point  is  that  in  nearly  every  case  that 
CCRR  had  to  be  split  because  of  leave,  the  same  crew  was 
affected  at  least  twice  in  iterations  of  the  same  schedule 
model.  For  example,  crew  R-34  was  affected  by  both  the 
16-  4/3  B  and  1 6-  4/3  C  schedules.  Depending  upon  how  leave 
interacted  with  the  schedule  iterations,  a  crew  could  be  im¬ 
pacted  at  either  the  beginning  or  conclusion  of  the  iterations. 
The  example  just  cited  shows  impact  at  iterations  B  and  C, 
however  there  was  not  impact  in  the  4/3  A.  A  contrasting 
example  is  crew  S-21  which  is  affected  by  the  16-  3/3/3  A 
and  16-  3/3/3  B  schedules,  but  not  by  the  16-  3/3/3  C  sched¬ 
ule.  A  few  instances  occurred  in  which  a  crew  was  affected 
by  only  one  iteration  of  a  schedule  model,  such  as  crew  E-15 
being  subject  to  a  split  CCRR  in  the  17-  3/6  B  schedule,  but 
not  by  the  A  or  C  versions  of  that  schedule.  The  determination 
of  how  often  a  crew  would  be  affected  by  iterations  of  the 
same  basic  schedule  model  was  a  function  of  how  the  crew's 
CCRR  impacted  with  its  leave  period  and  whether  another  crew 
in  its  flight  or  from  STAN/EVAL  was  available  to  pick  up  an 
alert  segment. 

Incidence  of  Violating  Flight  Integrity 

The  next  highest  priority  for  the  scheduler  is  to 
try  to  maintain  the  alert  commitment  without  having  to 
borrow  crews  from  other  flights  to  fulfill  one  flight's  alert 
duty.  Adhering  to  this  guideline  posed  no  difficulty  when 
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13  or  1?  crews  were  available  to  work  with,  but  when  the 
wing  strength  decreased  to  16  crews  there  were  21  occasions 
when  borrowing  one  crew  from  another  flight  could  not  be 
avoided.  The  factors  creating  these  situations  were  the 
interplay  of  crew  loss  caused  by  the  decline  from  1?  to  1 6 
crews,  crew  non-availability  because  of  leave  or  TDY,  and 
the  necessity  of  not  exceeding  the  3TAN/EVAL  50/-  rule. 

'■'iolation  of  flight  integrity  occurs  when  a  line 
crew  from  a  flight  not  scheduled  for  alert,  is  put  on  alert 
with  another  flight.  This  is  different  from  the  placement 
of  a  3TAN/EVAL  crew  on  alert  with  a  flight.  STAN/ZVAL  crews 
are  generally  paired  up  with  flights  and  are  placed  on  alert 
to  fulfill  their  own  requirements.  The  scheduler  attempts 
to  link  the  accomplishment  of  3TAN/F/AL  alert  duty  to  occa¬ 
sions  when  four  crews  from  the  same  flight  are  not  available 
to  fulfill  alert  requirements.  For  example,  if  "C"  Flight 
only  has  four  crews  and  one  crew  is  on  leave,  the  scheduler 
will  try  to  fulfill  3-03’ s  alert  commitment  while  the  crew 
from  "C"  Flight  is  on  leave.  Yi th  three  flights  and  only 
two  3TAN/EVAL  crews,  the  desired  pairing  of  a  3TAN/EVAL  crew 
with  a  particular  flight  breaks  down  most  often  in  the  16 
crew  setting. 

The  incidences  of  violating  flight  integrity  are 
listed  in  Table  3-5*  To  explain  why  this  occurs,  consider 
the  situation  of  crew  R-22  under  the  16-  4/5  2  schedule  (see 
Appendix  G,  p.  261  )  in  February.  "C"  Flight  only  has  a 
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TABLE  3-5 

INCIDENCES  OF  VIOLATING  FLIGHT  INTEGRITY 


MODEL 

DESIGNATOR 

CREW 

MONTH 

ALERT  WITH  xFLIGHT 

REMARKS 

16-7 

E-13 

Mar 

w/B  Flight 

16  -  4/4 

R-22 

Feb 

w/C  Flight 

16  -  4/4 

E-24 

Feb 

w/C  Flight 

16  -  4/5  A 

R-22 

Feb 

w/C  Flight-— 

>1  Cycle 

16  -  4/5  A 

R-22 

Feb 

w/C  Flight — ” 

16  -  4/5  B 

S-ll 

Jan 

w/C  Flight 

16  -  4/5  B 

R-22 

Feb 

w/C  Flight - 

_ _ 

>•  1  Cycle 

16  -  4/5  B 

R-22 

Feb 

w/C  Flight - 

16  -  4/5  C 

S-ll 

Jan 

w/C  Flight 

16  -  4/5  C 

R-22 

Feb 

w/C  Flight - 

_  ^ 

>*1  Cycle 

16  -  4/5  C 

R-22 

Feb 

w/C  Flight - 

16  -  4/5  C 

S-ll 

Jan 

w/C  Flight 

16  -  4/5  D 

R-22 

Feb 

w/C  Flight- - 

_ 

1  Cycle 

16  -  4/5  D 

R-22 

Feb 

w/ 0  Flight" 

16  -  4/5  D 

E-13 

Mar 

w/B  Flight 

16  -  3/6  A 

S-ll 

Jan 

w/C  Flight 

16  -  3/6  A 

E-13 

Mar 

w/B  Blight 

16  -  3/6  B 

S-ll 

Jan 

w/C  Flight 

16  -  3/6  B 

E-13 

Mar 

w/B  Flight 

16  -  3/6  C 

S-ll 

Jan 

w/C  Flight 

16  -  3/6  C 

E-13 

Mar 

w/B  Flight 
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total  of  four  crews  and  both  times  the  flight  is  scheduled 
for  alert,  one  crew  is  on  leave.  To  put  a  3TAN/EVAL  crew 
on  alert  would  preclude  the  use  of  the  3TAN/EVAL  crew  in 
March  when  flexibility  is  desired.  As  a  result,  R-22  is 
paired  with  "C"  Flight  for  one  complete  alert  cycle.  Be¬ 
cause  "C"  Flight  has  no  leave  periods  in  March  and  a  STAN/ 

EVAL  crew  picked  up  the  alert  when  the  first  leave  period 
began  26  January,  this  marked  the  only  time  during  the 
quarter  that  another  line  crew  had  to  go  on  alert  with  "C" 
Flight.  It  can  also  be  seen  that  a  pattern  is  apparent 
which  holds  in  most  instances.  If  a  crew  is  paired  up  with 
another  flight  at  some  point  in  one  model's  iteration,  it 
is  most  likely  paired  up  with  the  same  flight  at  nearly  the 
same  point  in  at  least  one  other  iteration  of  the  same  basic 
model.  Consider  crew  S-13.  It  is  paired  up  with  ”B"  Flight 
in  March  under  the  16-  3/6  A,  B,  and  C  schedules  (see  Appen¬ 
dix  C,  p  .2?1, 274,277)  •  Also,  there  were  four  times  in  which 
a  crew  was  paired  with  another  flight  for  a  complete  alert 
cycle.  This  happened  to  crew  R-22  in  February  under  the 
16-  4/5  A  schedule  as  well  as  under  the  B,  C,  and  D  iterations 
of  that  basic  schedule.  Even  the  straight  seven-day  alert 
schedule  had  one  instance  of  violating  flight  integrity 
when  only  16  crews  were  available.  The  general  observation 
to  be  made  is  that  as  crew  resources  diminish  in  the  face  of 
constant  alert  requirements,  the  probability  of  violating 
flight  integrity  increases. 

5^ 


Incidence  of  STAN/EVAL  Exceeding  the  50#  Rule 

The  scheduler,  at  all  costs,  attempts  to  prevent 
any  STAN/EVAL  crew  from  exceeding  50#  of  the  average  line 
crew's  total  days  of  alert  for  the  quarter.  Still,  at 
times,  the  scheduler  has  no  choice  but  to  give  a  STAN/ 

EVAL  crew  an  alert  tour.  There  were  a  total  of  21  times 
that  such  a  situation  occurred.  (Refer  to  Table  3-6  for 
a  listing  of  the  incidents  and  circumstances).  To  illus¬ 
trate  how  such  a  condition  can  occur  consider  crew  S-03 
under  schedule  16-  3/5  C  (see  Appendix  C,  p.  247).  During 
the  period  19-21  March  "B"  Flight  assumes  alert.  Only 
three  crews  in  the  flight  are  available  for  duty  because 
of  a  TDY  assignment  and  impending  leave  for  S-21.  Both 
STAN/EVAL  crews  have  already  completed  their  quarterly 
alert  requirements,  yet  they  are  the  only  crews  with  the 
capability  to  go  on  alert.  The  decision  rule  for  this  situ¬ 
ation  was  to  assign  the  alert  to  the  STAN/EVAL  crew  having 
the  lowest  total  days  of  alert  for  the  quarter  as  of  19  March . 

In  order  to  appreciate  the  impact  of  a  schedule  model, 
it  is  necessary  to  view  it  from  more  than  one  perspective. 

For  this  study  the  decision  criterion  was  the  aggregate 
number  of  available  duty  days  on  a  quarterly  basis.  Additional 
criteria  were  average  number  of  available  duty  days  for  STAN/ 
EVAL  crews,  average  number  of  available  duty  days  for  line 
crews,  overall  average  number  of  available  duty  days,  the 
frequency  of  splitting  CCRR,  the  frequency  of  violating  flight 
integrity,  and  the  frequency  of  any  STAN/EVAL  crew  accumu- 
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TABLE  3-6 


INCIDENCES  OF  STAN/EVAL  EXCEEDING  50 %  ALERT  RATE 


Schedule 

Crew(s) 

18  -  3/3/3 

C 

S-02 

18  -  4/5  3 

S-03 

18  -  4/5  C 

S-02, S-03 

18  -  4/5  D 

S-02, S-03 

18  -  3/6  C 

S-02, S-03 

18  -  2/3/2 

B 

S-03 

17  -  4/4 

S-03 

17  -  3/5  C 

S-03 

17  -  3/3/3 

A 

S-01 

17  -  3/3/3 

C 

S-02 

17  -  4/5  A 

S-03 

17  -  4/5  B 

S-03 

17  -  4/5  C 

S-02, S-03 

17  -  4/5  D 

S-02, S-03 

17  -  3/6  C 

S-02 

16  -  4/3  C 

S-01 

16  -  3/3/2 

B 

S-03 

16  -  3/5  3 

S-03 

16  -  3/5  C 

S-03 

16  -  3/3/3 

A 

S-03 

16  -  4/5  D 

3-01 
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la ting  mere  than  50 %  of  the  average  line  crew’s  total  days 
of  alert.  When  considered  under  all  of  these  criteria, 
the  straight  seven-day  alert  schedule  emerges  as  the  opti¬ 
mum  schedule . 
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CHAPTER  4 


CONCLUSIONS  AND  RECOMMENDATIONS 


Evaluation  of  Hypotheses 

In  the  evaluation  of  the  original  three  research 
hypotheses,  the  data  contained  in  Tables  3-1,  3-2,  and  3-3. 
depict  the  final  results  of  the  66  models  generated  during 
this  research  program.  The  first  conclusion  drawn  by  the 
authors  is  the  rejection  of  research  hypothesis  number  one; 
that  through  the  use  of  variable  alert  tour  lengths  the 
average  number  of  available  duty  days  will  be  increased. 

In  the  three  levels  of  sensitivity  analysis,  all  eight  vari¬ 
able  alert  tour  length  models  described  in  Chapter  1  arrived 
at  a  lower  number  of  available  duty  days  than  that  gener¬ 
ated  by  the  straight  seven-day  model.  This,  therefore, 
leads  directly  to  the  acceptance  of  research  hypothesis 
number  two;  that  the  current  seven-day  alert  scheduling  sys¬ 
tem  allows  the  maximum  number  of  available  duty  days  in 
contrast  to  any  of  the  variable  alert  tour  length  models. 
Finally,  the  authors  have  reached  a  conditional  acceptance 
of  research  hypothesis  number  three;  that  variable  alert 
tour  scheduling  will  allow  for  greater  flexibility  to  adapt 
to  conditions  which  occur  when  the  scheduling  parameters 
are  changed  to  reflect  those  typically  encountered  in  a 
B-52  wing. 
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In  order  to  test  hypothesis  number  three  a  brief 
review  of  the  sensitivity  analysis  must  be  given.  First, 
the  variable  alert  tour  length  models  were  developed  using 
the  standard  maximum  number  of  authorized  crews  (18).  This 
structure  included  three  STAN/EVAL  crews  and  three  flights 
each  containing  five  crews.  Second,  the  models  were  recon¬ 
structed  using  a  realistic  number  of  1?  available  crews. 

This  structure  included  three  STAN/EVAL  crews,  two  flights 
with  five  crews  and  the  third  flight  having  four  crews.  The 
crew  eliminated  was  crew  E-32  from  "C"  Flight.  The  models 
were  reconstructed  a  third  time  by  changing  the  number  of 
crews  to  16,  which  is  the  current  SAC  average  assigned  crews. 
This  number  was  confirmed  in  telephone  interviews  with  8AF 
scheduling  officers  at  Barksdale  AFB,  LA.  This  structure 
included  two  STAN/EVAL  crews,  two  flights  with  five  crews, 
and  the  third  flight  having  four  crews.  The  two  crews 
eliminated  were  3-02  and  £-32.  Also,  it  was  emphasized  that 
when  modeling  this  structure,  the  50%  STAN/EVAL  alert  rate 
be  as  closely  adhered  to  as  possible.  This  was  to  allow 
the  two  remaining  STAN/EVAL  crews  to  fulfill  their  wing 
level  duties  in  the  execution  of  scheduled  and  no-notice 
flight  examinations  of  the  remaining  14  line  crews. 

To  accomplish  the  previously  mentioned  STAN/EVAL 
alert  rate,  certain  changes  to  the  basic  assumptions  of  this 
research,  as  stated  in  Chapter  1  and  in  the  Development  of 
Charting  Process  steps  found  in  Chapter  2,  were  required. 
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These  changes  are  incorporated  into  the  following  Prelimin¬ 
ary  Recommendations  setting. 

Preliminary  Recommendations 

In  this  research  effort,  assumption  H,  is  stated  in 
Chapter  1,  and  step  6  of  the  Charting  Process,  as  listed  in 
Chapter  2,  describe  the  successive  rotation  of  the  alert 
cycle  among  the  flights.  In  this  process,  full  Combat  Crew 
Rest  and  Relaxation  time  off  is  given  at  the  completion  of 
the  full  variable  alert  tour  length  models.  As  an  alternative, 
we  recommend  a  modification  to  SAC  Reg  55-44  "to  allow  split 
CCRR  time  in  between  portions  of  the  variable  alert  tour 
model.  This  recommendation  allows  full  completion  of  CCRR 
without  impacting  projected  duty.  If  not  adopted,  a  crew 
could  not  be  used  in  the  completion  of  a  portion  of  a  variable 
alert  tour  model.  The  first  example  of  this  technique  is 
found  in  the  18-  2/3/2  A  model  for  crew  R-22  in  January  (see 
Appendix  A,  p.  81  ) .  At  the  end  of  the  second  portion,  2/3, 
of  the  alert  cycle,  and  after  a  total  of  five  days  of  alert 
have  been  completed,  three  days  of  CCRR  were  given.  This 
allowed  the  crew  to  complete  its  CCRR  without  impacting  their 
leave  cycle  that  starts  on  19  January.  Thus,  the  crew  was 
available  for  alert  duty  for  five  days  of  the  cycle.  The 
crew  would  not  have  completed  even  this  five  day  portion  of 
the  cycle  if  this  modification  was  not  adopted.  A  second 
example  is  illustrated  in  model  18-  2/3/2  B  for  crew  S-31  in 
January  (see  Appendix  A,  p.  84).  The  crew  was  incorporated 
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into  the  cycle  on  21  January,  to  complete  the  requirement 
for  four  alert  crews  that  was  fragmented  when  crew  R-34 
started  its  scheduled  leave  on  25  January.  Grew  3-31  was 
subsequently  given  only  one  day  of  CCRR  since  it  completed 
only  two  days  of  alert.  Again,  this  recommendation  allows 
improved  crew  utilization  that  would  otherwise  negate  the 
use  of  crew  3-31.  A  final  refinement  of  this  technique  is 
found  in  model  17-  3/6  C  in  March  for  crew  S-21  (see  Appen¬ 
dix  B,  p.  210).  After  completing  the  first  three-day 
portion  of  the  alert  tour  on  4  March,  two  days  of  CCRR  were 
given.  Then,  after  completing  the  second  six-day  portion 
of  the  alert  tour  on  19  March,  the  final  three-days  of  CCRR 
were  given.  This  was  done  because  if  the  successive  five 
days  of  CCRR  commenced  on  19  March,  the  final  day  of  CCRR 
would  have  conflicted  with  the  crew's  first  day  of  leave  on 
23  March.  This  split  CCRR  technique  was  required  in  many 
models  when  the  number  of  available  crews  was  reduced  to 
16  crews.  This  recommendation,  therefore,  is  one  technique 
that  does  allow  greater  flexibility  in  the  scheduling  process 
and  directly  supports  research  hypothesis  number  three. 

Our  second  preliminary  recommendation  discusses 
assumption  F  in  Chapter  1  which  describes  the  flight  integrity 
system  and  states  that  STAN/EVA1  crews  will  supplement  a  flight 
during  an  alert  tour  if  all  four  lines  of  alert  cannot  be 
maintained  by  that  flight.  This  procedure  implements  STAN/ 

JVAL  alert  participation  and  in  most  cases  allows  STAN/EVAL 
to  maintain  the  50$  alert  rate  without  severe  disruption  of 


their  duties.  However,  when  the  parameter  of  16  available 
crews  was  imposed  and  the  50/2  STAN/EVAL  alert  rate  was  en¬ 
forced,  the  flight  integrity  assumption  had  to  be  modified. 

The  second  recommendation  is  that  a  formal  definition  of  the 
flight  integrity  system  be  incorporated  into  SAC  Reg  55 -44 
and  SAC  Reg  60-9  stating  that  this  sytem  is  the  desired 
Standard  Operating  Procedure.  However,  modifications  to 
its  application  are  permissible  in  units  possessing  less 
than  their  full  authorized  crew  strength.  This  recommenda¬ 
tion  was  first  instituted  in  the  16-  4/ 5  A  model  (see  Appendix 
C,  p.  258  )  when, on  5  February,  crew  R-22  from  "B"  Flight 
assumed  alert  with  "C"  Flight  and  continued  the  full  4/5 
schedule  until  the  conclusion  of  CCRR  on  28  February.  It 
then  rotated  back  into  the  alert  cycle  with  its  own  flight 
on  13  March.  This  technique  was  repeated  with  the  same 
crew,  R-22,  in  the  same  alert  cycle  in  all  16-  4/5  models. 
Without  this  modification  crew  S-03  would  have  been  forced 
to  assume  an  additional  nine  days  of  alert  and  their  alert 
participation  rate  would  have  been  80/2  for  the  quarter. 

This  technique  was  also  applied  in  the  16-  3/5  A,  B,  and  C 
models  using  crews  S-ll  and  E-13  to  supplement  "C"  Flight 
and  "B"  Flight,  respectively,  during  the  quarter.  This  recom¬ 
mendation  again  enhances  scheduling  flexibility  and  reduces 
the  STAN/EVAL  alert  participation  rate. 

The  third  preliminary  recommendation  concerns  the 
"realistic"  application  of  the  3TAN/EVAL  50 fe  alert  rate 


procedure.  The  governing  SAC  Regulation  for  this  procedure 


is  oC-h,  Yol  I,  which  states  that  the  50#  participation  rate 
is  the  recommended  level  of  utilization  of  all  3TAN/EVAL 
crews.  This  is  in  contrast  to  the  former  guidance  previously 
issued  by  1st  Combat  Evaluation  Group  (CEVG),  which  stated 
that  the  alert  participation  rate  would  be  a  maximum  rate  of 
60#  for  3-01,  and  70#  for  3-02  and  3-03  •  Historically,  under 
the  former  participation  rate,  a  3-52  wing  received  a  formal 
discrepancy  report  if,  during  its  annual  CEVG  evaluation,  it 
had  exceeded  these  alert  participation  rates.  After  the 
modification  to  the  recommended  50#  alert  rate,  some  units 
still  applied  the  maximum  ceilings  to  avoid  the  possibility 
of  corrective  actions  being  instituted  after  CEVG  evaluations. 

In  the  present  environment  of  severely  reduced  combat  crew 
training,  this  alert  participation  must  be  selectively 
adjusted  by  each  scheduling  office  to  insure  maximum  crew 
availability.  It  is  not  the  objective  of  this  recommendation 
to  force  3TAN/EVAL  into  excessive  alert  participation  rates, 
since  the  execution  of  their  duties  is  paramount  in  the 
successful  operation  of  a  B-52  wing.  Whenever  possible, 
particularly  when  only  two  5TAN/EVAL  crews  are  available, 
this  should  be  the  final  criterion  to  be  relaxed.  However, 
it  is  our  recommendation  that  a  supplement  to  SAC  Reg  60-4 
be  issued  to  reemphasize  that  the  50#  alert  rate  is  only  a  recom¬ 
mended  level  of  utilization.  Also,  the  importance  of  the 
total  utilization  of  all  combat  ready  crews  must  remain  the 
primary  objective  in  the  management  of  operations  by  sched¬ 
uling  personnel.  If  the  unit  wishes  to  implement  one 


of  the  new  variable  alert  tour  models  found  in  the  following 
appendices,  it  must  carefully  compare  the  flexibility  advan¬ 
tages  that  the  new  system  will  provide  in  contrast  to  the 
present  advantages  of  maximum  available  duty  days  found  in 
the  seven-day  alert  system. 

Optimality  of  Seven-Dav  Alert  System 

The  current  basic  SAC  alert  scheduling  system, 
using  the  seven-day  length  alert  tour  was  validated  in  this 
research  as  being  the  most  advantageous  system,  when  examined 
for  the  generation  of  the  maximum  number  of  available  duty 
days.  Cne  of  the  primary  cause-and-eff ect  relationships 
that  support  this  conclusion  is  the  historical  acceptance  of 
a  seven-day  cycle,  known  as  a  week,  as  the  basic  time  measure¬ 
ment  unit.  Also,  the  two  day  period  defined  as  a  weekend  by 
our  society,  consisting  of  Saturdays  and  Sundays  as  non-work 
days,  or  for  the  purposes  of  this  research,  as  non-available 
duty  days,  further  supports  the  conclusion  of  seven-day  opti¬ 
mality.  This  becomes  readily  apparent  when  CCRR  is  examined 
in  conjunction  with  the  non-availability  of  Saturdays  and 
Sundays  for  additional  duty  requirements.  Since  the  time 
afforded  for  CCRR  has  already  been  defined  as  a  non-available 
duty  day,  by  consolidating  it  with  the  non-availability  of 
weekend  days,  the  realized  time-off  generated  by  CCRR  is 
limited  to  two  days,  'i/'/hen  SAC  instituted  its  procedure  of 
changing  over  its  alert  crews  on  Thursday,  the  Command,  in 
effect,  made  CCRR  a  two  day  system  for  non-availability  as 

opposed  to  four  days.  It  is  for  this  reason  that  any  alert 
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system,  which  implements  change-over  on  a  day  that  does  not 
overlap  with  a  weekend,  will  inevitably  fall  short  in  the 
attainment  of  maximum  available  duty  days.  The  most  obvious 
example  is  a  seven-day  alert  system  that  would  change-over 
on  Tuesday.  Since  four  days  of  CCRR  must  be  afforded  with 
completion  of  alert  duty  on  Tuesday,  Tuesday  through  Friday 
would  be  non-available  duty  days  as  well  as  the  immediately 
following  Saturday  and  Sunday.  Thus,  in  a  cycle  of  alert 
from  Tuesday  through  Tuesday  with  its  accompanying  CCRR  and 
weekend  non-availability,  13  days  of  non-availability  are 
established.  Under  the  present  system  of  Thursday  through 
Thursday,  alert  duty  with  its  accompanying  CCRR,  only  11 
days  of  non-availability  are  established.  In  every  case, 
any  system  not  using  this  overlap  period  will  result  in  more 
non-available  duty  days.  This,  then,  is  the  scheduling 
system  that  SAC  chose  when  it  first  implemented  its  nuclear 
alert  system,  and  it  is  the  system  that  this  research  effort 
has  subsequently  validated'  as  providing  the  maximum  number  of 
available  duty  days.  However,  if  weekends  were  not  defined 
as  non-available,  then  the  application  of  a  new  cyclical 
system  would  dramatically  alter  the  results  of  this  research 
process. 

Applications  of  Non-Seven  Day  Systems 

The  choice  of  a  seven-day  cycle  with  its  two  days  of 


non-availability  on  the  weekends,  is  a  conscious  decision 
by  the  HQ  SAC  staff  to  minimize  military  disruptions  within 


+he  normal  day-to-day  and  week -to -week  operations  found  in 
contemporary  American  society.  Viewing  the  complicated 
nature  of  military  maintenance  procedures,  this  two  day 
weekend  period  allows  for  the  correction  of  many  minor  mainten¬ 
ance  discrepancies  that  have  accumulated  during  the  previous 
five  days  of  operational  flying  sorties.  In  the  authors' 
operational  experiences,  many  instances  of  weekend  duty  by 
B-52  maintenance  personnel  can  be  cited.  It  is  not  the  pur¬ 
pose  of  this  section  to  debate  the  validity  of  the  use  of  a 
seven-day  cycle j  but  to  point  out  several  alternate  systems 
that  are  in  use  in  the  military. 

The  first  example  is  the  normal  operating  procedure 
found  in  the  Military  Airlift  Command  (MAC) .  In  discussions 
with  many  MAC  flying  and  support  personnel,  it  becomes  readily 
apparent  that  MAC  does  not  utilize  a  standard  seven-day  cycle, 
with  its  accompanying  non-availability  of  weekends,  in  its 
normal  operations.  It  is  clearly  recognized  that  MAC's  mission 
is  dramatically  different  than  that  of  SAC’s;  however,  certain 
specifications  can  be  highlighted.  When  a  MAC  aircrew  departs 
its  home  station  on  a  normal  two  week  airlift  mission,  it  has 
a  fixed  schedule  and  timetable  that  it  must  adhere  to.  In 
order  to  accomplish  all  the  scheduled  sorties  and  completion 
dates  on  its  itinerary,  the  MAC  aircrew  must  disregard  the 
non-availability  of  weekend  days  to  complete  its  activities. 

If  the  aircrew  is  to  reach  a  certain  destination  by  a  specific 
date,  it  proceeds  to  maximize  the  utilization  of  all  available 
days  to  accomplish  its  mission.  If  these  days  encompass  the 
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traditional  weekend  periods,  then  I-'.  AC’s  procedures  dictate 
the  use  of  these  weekend  periods  to  insure  the  successful 
completion  of  the  mission.  Thus,  the  completion  of  the 
mission  is  the  aircrew’s  first  priority  and  will  be  rig¬ 
orously  adhered  to  at  all  times  barring  major  maintenance 
* 

difficulties.  Even  when  major  maintenance  malfunctions  are 
encountered,  maintenance  personnel  are  expected  and  required 
to  complete  all  corrective  actions  to  insure  mission  com¬ 
pletion  regardless  of  weekend  duty. 

Even  within  the  strategic  Air  Command,  the  mandatory 
exclusion  of  weekend  flight  operations  is  often  waived  when 
mission  accomplishments  dictate  the  use  of  alternate  pro¬ 
cedures.  The  most  notable  example  exists  in  conjunction  with 
the  support  requirements  of  the  SAC  KC-135  reserve  forces. 

The  3AC  KC-135  reserve  aircrews  are  regularly  required  to 
fly  operational  training  sorties  on  weekends.  It  is  in  the 
experience  of  the  authors  that,  at  least  once  every  six 
months,  operational  B-52  sorties  were  generated  in  support 
of  the  KC-135  training  requirements.  These  missions  were 
conducted  within  normal  operational  training  scenarios  in¬ 
volving  the  air-refueling  of  B-52  aircraft  by  their  sister 
KC-135  reserve  aircrews.  At  the  completion  of  the  air¬ 
refueling  portion  of  their  mission,  the  S-52  crew  would 
conduct  further  low  level  bombing  training  requirements  at 
the  nearest  Strategic  Training  Range  (SIR)  or  return  to  their 
heme  base  for  pilot  proficiency  training.  This  weekend 
duty  normally  generated  the  requirement  for  three  aircraft 

and  aircrews  to  be  utilized  in  the  completion  of  the 
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Air  Force  Reserves  training  requirements.  This  is,  as  was 
previously  mentioned,  a  unique  requirement  for  weekend  train¬ 
ing  of  aircrews;  but  it  is  net  a  singular  occurrence  within 
RAC .  V.'ithin  two  years  of  operational  scheduling  experience 
by  one  of  the  authors,  at  least  six  occurrences  of  this  nature 
can  be  cited.  This  example  is  more  dramatically  amplified 
in  the  operational  experiences  of  the  second  author  in  RAC 
missile  operations  procedures. 

In  the  normal  accomplishment  of  its  nuclear  deterrent 
role,  SAC  has  established  a  similar  continuous  alert  duty 
system  for  all  Minuteman  and  Titan  missile  crews.  This  alert 
duty  is  maintained  at  all  times  by  both  Kinuteman  and  Titan 
missile  crews  for  a  24  hour  period.  .Vhen  change-over  of  their 
crews  occur,  complete  disregard  is  made  of  the  availability 
of  duty  days  by  SAC  missile  schedulers.  In  fact,  when  further 
training  requirements  occur,  such  as  the  accomplishment  of 
simulator  periods  by  the  missile  crew,  these  periods  ■/•ill 
be  scheduled  on  any  day  not  encompassing  strategic  nuclear 
alert  duty.  Again,  it  must  be  emphasized,  that  the  nature 
of  the  strategic  missile  deterrent  mission  is  completely 
different  than  that  of  the  SAC  B-52  force.  However,  this 
is  a  complementary  system  currently  within  operational  use 
at  all  SAC  missile  wings  and  demonstrates  that  the  standard 
use  of  a  seven-day  cycle  is  not  the  only  scheduling  system 
used  in  the  normal  operating  procedures  by  SAC.  The  missile 
crew  scheduling  system  amplifies  the  conceptions  of  the 
authors  that  a  seven-day  alert  system  is  not  a  mandatory 
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procedure  in  the  accomplishment  of  3AC’s  strategic  mission. 
This  is  further  highlighted  in  the  following  scenario  describ¬ 
ing  a  recommended  alternate  alert  procedure. 

Recommendation  of  an  Alternate  Tight  Dav  System 

This  recommendation  is  for  an  alternate  alert  system 
comprised  of  an  eight  day  alert  cycle  split  into  two  four-day 
segments.  This  system  incorporates  a  significant  change  to 
>J.nC  1  S  normal  operating  procedures  in  that  weekend  days  are 
not  considered  as  non-avaiiable  duty  days  in  the  calculation 
of  Total  ADD.  A  possible  scenario,  during  which  such  a  system 
might  be  implemented,  follows. 

A  crisis  situation  has  brought  about  a  state  of 
heightened  international  tension  which  has  increased  the 
state  of  military  posture  by  both  military  superpowers .  while 
SAC  currently  possesses  a  system  whereby  an  increase  in  the 
number  of  lines  of  alert  is  made  available  to  the  Ccmmander- 
in-Chief,  this  system  suspends  the  normal  operational  training 
sorties  which  SAC  operates  under  during  day-to-day  readiness 
conditions.  Alternatively,  the  recommended  split  four  alert 
system,  which  is  illustrated  in  Figure  4-1  as  the  18-  4/4  I.ICD, 
does  not  require  suspension  of  operational  training  sorties. 
Three  extremely  important  parameter  changes  are  incorporated 
in  this  model.  First,  all  leave  periods  and  TDY' s  are  sus¬ 
pended  in  the  model.  This  is  justified  if  the  basic  premise 
of  an  international  crisis  is  accepted  by  the  reader.  Cecond, 
a  50"  increase  in  the  number  of  lines  of  alert  from  four  to 
six,  is  realized.  This  is  accomplished  within  the  flight 


Modified  18  -  4/4 


integrity  system  by  linking  each  STAN/EVAL  crew  into  the 
alert  flow  with  a  specific  flight.  In  this  system,  S-01  is 
linked  to  "A"  Flight,  3-02  to  "B"  Flight,  and  3-03  to  "C" 
Flight.  It  is  automatically  assumed  that  the  STAN/ZVAL  alert 
participation  rate  has  been  discarded  temporarily.  Third, 
all  days  not  on  alert  or  CCRR  are  instantly  elevated  in  status 
to  available  duty  days.  This  allows  for  the  generation  of 
the  additional  training  sorties  during  the  quarter.  All 
these  changes  are  depicted  in  Figure  4-1 . 

This  new  modified  schedule  increases  the  number  of 
available  duty  days  to  828.  This  accounts  for  a  27$  enhance¬ 
ment  in  the  total  number  of  days  that  could  be  used  for 
operational  sorties.  However,  a  very  careful  detailed  analysis 
must  be  made  of  all  the  implications  that  this  possible  in¬ 
crease  in  sorties  would  cause.  Several  of  these  implications 
would  be  in  areas  of  maintenance  personnel  manning,  security 
police  requirements,  medical  complications  resulting  from 
the  increased  workloads,  and  overall  morale.  The  analysis 
must  explore  these  and  numerous  other  factors  before  such  a 
system  could  be  considered.  This  is  one  area  for  follow  on 
research  efforts  in  the  application  of  variable  alert  tour 
models  within  SAC. 

Final  Recommendations 

As  illustrated  throughout  this  thesis  and  in  the 
following  three  appendices,  the  alert  scheduling  process  is 
one  that  is  cyclical  and  repetitive  in  nature.  Because  of 
this  pattern,  it  is  felt  that  it  would  be  possible  to  develop 
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a  computer  program  to  test  and  simulate  each  alert  tour 
length  model.  A  major  recommendation,  therefore,  as  a  follow- 
on  to  this  research  effort,  would  he  the  development  of  such 
a  program.  This  could  he  done  using  the  computer  language 
CC3CL,  since  it  is  designed  for  the  manipulation  of  graphic 
presentations  and  incorporates  the  logic  statements  neces¬ 
sary  for  the  decision  making  steps  of  scheduling.  The  results 
of  the  successful  completion  of  such  a  program  would  not  only 
increase  the  number  of  models  which  could  be  tested,  but 
also  aid  in  the  replication  efforts  of  future  researchers. 

Also,  such  a  model  could  be  modified  to  incorporate  variations 
encountered  in  individual  unit  manning  requirements,  such  as 
15  or  14  mission  ready  crews.  This  recommendation  could  be 
implemented  in  conjunction  with  another  follow-on  research 
project  involving  survey  techniques. 

A  second  recommendation  for  further  research  is  a 
proposal  for  a  survey  to  examine  the  acceptability  of  variable 
alert  tours  at  the  unit  level.  As  stated  in  the  Scope  of 
Chapter  1,  this  thesis  was  aimed  exclusively  at  the  quanti¬ 
tative  aspects  of  the  variable  alert  scheduling  system.  Copies 
of  this  thesis  could  be  made  available  to  all  SAC  mission 
development  personnel.  Then,  after  each  scheduler  has  re¬ 
viewed  the  results  of  this  effort,  a  survey  would  be  taken 
to  evaluate  the  qualitative  aspects  of  the  system.  These 
aspects  would  include:  effects  on  morale  of  the  aircrews, 
willingness  of  unit  schedulers  to  implement  a  new  variable 
alert  tour  system,  and  the  applicability  of  this  research  to 


the  normal  operating  procedures  at  the  wing  level.  This 
follow-on  research  would  provide  valuable  insights  for 
future  decision  makers  at  HQ  SAC  if  a  new  system  was  imple¬ 
mented,  especially  if  the  new  system  included  radical  changes, 
such  as  the  recommended  18-  4/4  MCI},  'with  this  information, 
a  full  scale  staff  study  would  have  a  foundation  for  the 
development  of  any  scheduling  system  that  a  commander  might 
choose  to  initiate. 

Finally,  it  is  the  conclusion  of  the  authors  that 
the  techniques  presented  in  this  thesis  are  justified  and 
realistic  in  the  determination  of  the  scheduling  process. 

In  reality,  based  upon  two  years  of  operational  experience 
in  the  scheduling  of  aircrews,  these  techniques  are  commonly 
used  by  wing  level  mission  development  personnel,  with  the 
current  stabilization  of  16  crews  at  most  5-523  wings,  further 
sensitivity  analysis  using  15  and  14  crews  is  not  needed. 
However,  if  further  research  indicated  that  even  more  exten¬ 
sive  force  reductions  were  projected,  the  techniques  used  in 
this  research  would  be  applicable,  although  additional  modi¬ 
fications  to  the  basic  assumptions  and  steps  would  probably 
be  necessary.  As  it  was  earlier  stated,  scheduling  is  cyclic 
and  repetitive  in  nature,  but  SAC's  mission  development  per- 
sonel  must  possess  the  greatest  resources  for  adaptability 
and  flexibility  in  the  successful  completion  of  their  daily 
duties . 
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APPENDIX  A 

VARIABLE  ALERT  SCHEDULES 
UTILIZING  18  CREWS 
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